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organs — a  branch  of  physiology  of  great  and  growing  import- 
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my  friends  and  colleagues,  Professors  Birch,  Gotch,  Eutherford, 
and  Schafer,  Dr.  Bayliss,  Dr.  Gregor  Brodie,  and  G.  Herbert 
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EBRA  T A. 


Page  270,  line  8,  for  "  Arbeitsaammler  "  read  "  Arbeitsammler." 
„      „      „  12,  after  "twitch"  OKiti" (A.  Fiok,  1869)." 


PKACTICAL    PHYSIOLOGY. 


PART  I.— CHEMICAL  PHYSIOLOGY. 


LESSON  I. 
PROTEIDS. 


Stvdents  are  required  to  bring  the  following : — One  dozen  f -inch  teat  tubes, 
with  stand  and  brush ;  one  4-oz;.  and  one  6-oz.  flask ;  two  beakers, 
No.  2  size ;  two  porcelain  capsules,  No.  3  size ;  two  funnels ;  glass 
rods ;  pipette  graduated  from  50  to  50.0.  ;  platinum  wire  in  holder ; 
Bunsen  burner ;  wire  gauze ;  tripod  ;  india-rubber  tubing ;  and 
duster. 

As  a  type  of  this  group  take  white  of  egg,  egg-white,  or  egg- 
albumin.  In  nature  proteids  occur  only  as  constituents  or 
products  of  living  organisms,  and  their  presence  is  indispen- 
sable for  the  occurrence  of  the  phenomena  of  life.  In  animals 
they  form  the  principal  organic  solids  of  the  muscular,  nervous,, 
and  glandular  tissues,  and  also  of  blood-plasma  and  lymph. 
Normally  they  are  absent — or  practically  so — from  bile,  urine, 
tears,  and  sweat.  They  possess  certain  chemical  reactions  in 
common,  and  are  closely  related  to  one  another.  Their  elemen- 
tary composition  varies  within  the  following  limits  : — 

O.         H.         N.  O.  S. 

From   so         6-8        15 -o        22-8         0-4  per  cent. 
To        ss         7-3        i8-2       24-1         5-0 

For  the  most  part  they  are  amorphous  and  colloid,  but  many 
representatives  have  now  been  crystallised.  The  question  of 
solubility  is  an  important  one.  All  are  insoluble  in  alcohol  or 
ether;  some  are  soluble  in  water,  others  insoluble.  Some 
(globulins)  are  soluble  only  in  dilute  saline  solutions.     Many  are 
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precipitated  by  more  or  less  complete  saturation  ■with  neutral 
salts.  They  all  rotate  the  ray  of  polarised  light  to  the  left,  and 
are  thus  Isevorotatory.  In  strong  acids  and  alkalies  they  are 
dissolved,  but  they  undergo  decomposition  in  the  process. 
When  decomposed  they  yield  a  large  number  of  products,  so 
thfit  their  constitution  is  exceedingly  complex.  In  the  body, 
after  undergoing  a  series  of  metabolic  changes,  they  are  excreted 
chiefly  in  the  form  of  urea,  and  a  number  of  more  or  less 
closely  related  nitrogenous  bodies.  Besides  the  general  char- 
acters stated  below,  most  yield  aromatic  bodies — e.g.,  tyrosin 
and  phenol. 

1.  Solution  of  egg-albumin — Soluble  in  water. — Place  the  un- 
boiled white  of  an  egg  in  a  porcelain  capsule  (taking  care  that 
none  of  the  yolk  escapes),  and  out  it  freely  with  scissors  to 
liberate  the  albumin  from  the  membranes.  Add  lo  volumes 
of  distilled  water,  and  mix  thoroughly  in  a  flask.  The  mixture 
will  be  slightly  opalescent.  The  opalescence  is  partly  due  to  the 
precipitation  of  a  small  quantity  of  ovo-mucin.  Strain  through 
several  folds  of  wet  linen.  The  reaction  is  alkaline.  Egg-white 
contains  about  ii  to  12  p.c.  egg-albumin,  with  small  quantities 
of  globulins,  ovo-mucin,  grape-sugar,  and  salts  (i  p.c). 

N.£. — Unless  otherwise  stated,  take  a  fresh  sample  of  the 
material  for  each  reaction. 

General  Eeaotions — (A)  Colonr  reactions. 

(a)  Xanthoproteic  reaction. — Add  nitric  acid  =  a  white  preci- 
pitate, which  on  being  boiled  turns  yellow.  After  cooling 
(water  tap)  add  ammonia  =  the  yellow  colour  or  precipitate 
-becomes  orange. 

(6)  Millon's  test  =  a  whitish  precipitate  which  becomes  dull 
brick-red  on  boiling.  A  red  colour  of  the  fluid  is  obtained  if 
only  a  trace  of  proteid  be  present.  This  reaction  is  due  to 
the  presence  of  an  aromatic  nucleus.  It  is  given  by  tyrosin, 
phenol,  &c. 

(c)  Piotrowski's  reaction. — Add  excess  of  strong  solution  of 
caustic  soda  (or  KHO),  and  then  a  drop  or  two  of  very  dilute 
solution  of  cupric  sulphate  (i  p.c.)  =  a  transparent  violet  colour. 
The  reaction  occurs  more  quickly  if  heat  is  applied,  and  the 
colour  deepens. 

[Perform  a  control  test  with  water,  noting  that  the  hydrated 
oxide  of  copper  formed  on  adding  the  alkali  is  not  dissolved.] 

A  violet  colour  is  obtained  with  albumins,  globulins,  albumin- 
ates, and  gelatin.     The  peptones  and  albumoses  give  a  rose-pink 
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colour,  instead  of  a  violet,  if  only  a  trace  of  copper  sulphate  is 
used  (biuret  reaction). 

(B)  Precipitation  by  neutral  salts,  MgSO^  (NH^)2S04  (conve- 
niently written  AnijSO^). 

(a)  Saturate  by  adding  crystals  of  MgSO^  and  shake  vigorously 
=  slight  white  precipitate  of  egg-globulin.  Filter.  The  filtrate 
contains  egg-albumin.  If  this  filtrate  be  saturated  with  NajSO^, 
so  that  the  solution  is  saturated  with  both  MgSO^  and  NajSO^, 
=  bulky  precipitate  of  egg- albumin. 

(6)  Add  an  equal  volume  of  saturated  solution  of  Am2S0^  (i.e., 
"  half-saturation ")  =  precipitation  of  globulin ;  the  albumin 
remains  in  solution  and  is  not  precipitated. 

(c)  Add  crystals  of  AmjSO^  and  shake  until  the  solution  is 
completely  saturated  (difficult  to  do  this)  =  precipitate  of  both 
the  globulin  and  albumin,  which  collect  on  the  surface  of  the 
fluid.     Filter.     The  filtrate  is  (or  may  be)  devoid  ot  proteid. 

[N.B. — Complete  saturation  with  Axa^O^predpitates  allproteids 
except  peptones!] 

(C)  Effects  of  acids,  metallic  salts,  &c. 

{a)  Add  a  drop  or  two  of  strong  HNO3  =  white  precipitate. 
Or  the  HNO3  may  be  gently  poured  down  the  side  of  the  tube 
=  white  ,cloud  at  junction. 

(6)  Acidulate  strongly  with  acetic  acid  (CjH^Oj)  and  add 
strong  potassium  ferrocyanide  (K^FeCyg)  =  whitish  -  yellow 
precipitate.  (Peptone  and  some  albumoses  do  not  give  this  re- 
action.) 

(c)  Add  a  salt  of  a  heavy  metal — e.g.,  copper  sulphate,  mercuric 
chloride,  or  lead  acetate  =  precipitate. 

(d)  Add  one  drop  of  HgOlj  =  heavy  white  cloud  or  precipitate. 
Divide  into  two  portions,  (i.)  Add  10  p.c.  NaCl,  the  precipitate 
is  dissolved,  (ii.)  Add  2  volumes  of  undiluted  egg-white,  the 
precipitate  dissolves. 

(e)  Picric  acid  in  cold  =  yellowish-white  precipitate. 

(D)  Other  reagents. 

(a)  Alcohol  (5  vols.)  =  precipitate  or  opalescence  in  an  acid  medium,  due 
to  partial  precipitation  of  proteid.  The  precipitation  is  favoured  by  the 
addition  of  10  p.c.  NaCl.     (Peptone  is  precipitated  with  difficulty.) 

(6)  Ether  (equal  vol. )  =  cloudiness  at  junction  in  a  neutral  or  acid  fluid. 

(c)  Tannic  acid  =  white  precipitate  or  opalescence. 

(d)  Acidulate  strongly  with  HCl,  then  add  phosphotungstic  acid  (or 
phosphomolybdic  acid)  =  white  precipitate. 
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(e)  Ethyl  or  methyl  alcohol  (Jo  p.o.)  or  acetone,  lo  o.c.  to  i  o.c.  of  egg 
white  give  a  distinct  jelly  ((?.  Mann). 

(E)  Coagulation  by  heat. 

(a)  Boil,  no  coagulum  of  albumin  is  formed.  Test  the  solution 
with  litmus  paper — it  is  alkaline — and  then  acidify  by  adding, 
drop  by  drop,  dilute  acetic  acid  (2  .p.c.)  until  a  flaky  coagulum 
of  coagulated  insoluble  albumin  separates  (about  70°  C). 

(6)  Boil  and  add  HNOg  =  a  white  or  yellowish  coagulum. 

(c)  Acidify  strongly  with  acetic  acid,  add  an  equal  volume  of 
a  saturated  solution  of  NajSO^,  and  boil  =  coagulation. 

(<:^)  Temperature  of  coagulation.  —  Neutralise  or  slightly 
acidulate  the  egg-white  with  0-2  p.c.  acetic  acid.  [To 
neutralise  a  fluid  add  o'l  p.c.  acetic  acid  or  HCl  (or  o'l 
p.c.  NaHO)  until  it  does  not  change  the  colour  of  neutral 
litmus  paper.]  Use  an  enamelled  half-pint  jug  (or  beaker)  as  a 
water  bath.  Over  its  mouth  is  stretched  wire  netting  to  hold 
the  test  tubes.  Place  the  test  tube  in  the  water  bath,  and  heat 
the  water  fairly  rapidly  to  about  70°  C.  Place  a  thermometer 
in  the  test  tube,  and  observe  the  temperature  at  which  the 
solution  becomes  opalescent,  or  when  particles  of  insoluble 
albumin  separate  out.  If  the  reaction  of  the  fluid  is  sl'ghtly 
acid  complete  coagulation  occurs,  and  the  fluid  becomes  clear. 
The  amount  of  the  coagulum  varies  with  the  amount  of  proteid 
present  and  other  conditions. 

(e)  Dilution  of  egg-albumin  with  water  makes  it  non-coagiilahle 
hy  heat. — Label  four  test  tubes,  A  B  C  D,  and  place  egg-white 
in  them. 

Egg-white.  Remit, 

A.  Undiluted.  ]     Boil  in  water     )   Coagulated,  soUd. 

B.  Diluted,  1:5      I  ^^^j^  I     r  May  be  more  or  less 

C.  „        I  :  10     j       j^  minutes.       |    ]    opalescent,  but  not 

D.  ,,        I  :  5°     /  ;     V   coagulated. 

Dilution  of  egg-white  therefore  renders  it  non-coagulable  by 
heat. 

The  addition  of  a  trace  of  acetic  acid  or  NaCl  greatly  favours 
coagulation. 

Make  a  similar  test  with  blood-serum,  and  observe  the 
difference. 

CLASSIFICATION  OF  PEOTEIDS. 

I.  Native  Albumins  are  soluble  in  water,  in  dilute  saline 
solutions,  saturated   solutions  of  NaCl,  and  MgSO^  and  are 
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not  precipitated  by  alkaline  carbonates,  NaCl,  or  very  dilute 
acids.  They  are  precipitated  by  completely  saturating  their 
solutions  with  Am^SO^.  These  solutions  are  coagulated  by  heat 
at  70°  to  73°  0.,  although  the  temperature  varies  considerably 
according  to  the  conditions.  When  dried  at  40°  C.  they  yield  a 
clear  yellow  mass,  "  soluble  albumin,"  which  is  soluble  in  water. 

i^)  Egg-albumin — Its  properties  have  already  been  con- 
sidered. 

(2)  Serum-albumin. — Blood-serum  contains  serum-albumin 
and  serum-globulin  (see  "  Blood").  Dilute  blood-serum  with 
ten  times  its  volume  of  water;  the  slight  opalescence  is  due  to 
precipitation  of  some  serum-globulin.  Neutralise  the  solution 
with  very  dilute  acid  until  a  faint  haziness  is  obtained. 

(a)  Repeat  the  tests  for  egg-albumin. 

(6)  Add  crystals  of  MgSO^  to  saturation,  shaking  the  flask 
vigorously  to  do  so  =  a  white  precipitate  of  serum-globulin. 
Filter.  The  filtrate  contains  serum-albumin,  which  gives  the 
same  general  reactions  as  egg-albumin,  but  there  are  some  points 
of  difference,  for  which  see  "  Blood."  Some  of  the  differences 
are  indicated  below. 

(c)  Saturate  serum  with  (NHJjSO^  =  white  precipitate  of 
both  serum-albumin  and  serum-globulin.  Filter.  The  filtrate 
contains  no  proteids. 

Egg-albumin.  Serum-albumin. 

(i.)  Readily  precipitated  by  HCl,  (i.)  It  also  is  precipitated  by  HCl ; 

but  the  precipitate  is  not  readily  the  precipitate  is  soluble  in  excess. 
soluble  in  excess. 

(ii. )  A  non-alkaline    solution    is  (ii. )  It  is  not  coagulated  by  ether, 

gradually  coagulated  by  ether. 

(iii.)  The  precipitate  with  HNO3  (iii.)  The  corresponding  precipi- 

is  soluble  with  difficulty  in  excess  of  tate  is  much  more  soluble  in  excess 

the  acid.  of  acid  (^  vol.  HNOs). 

(iv.)  The  nitric  acid  precipitate  (iv.)  The  corresponding   preoipi- 

does  not  disappear  on  adding  an  tate  largely  disappears, 
equal  volume  of  absolute  alcohol. 

(v.)  The  precipitate  obtained  by  (v.)  The    corresponding    precipi- 

boiling  is   but  slightly  soluble    in  tate  is  soluble  in  strong  HNOj. 
boiling  HNO3. 

[(vi. )  When  injected  under  the  [(vi.)  When  injected  under  the 

skin,  or  introduced  in  large  quan-  skin,   it  does  not   appear    in    the 

titles  into  the  stomach  or  rectum,  it  urine.] 
is  given  off  by  the  urine.] 

(3)  Lact-albumin,  see  "  Milk." 

II.    Globulins  are  insoluble  in  pure   water,  soluble  in  dilute 
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saline  solutions — e.g.,  NaC),  MgS04,  (NHJ^SO^ — but  insoluble 
in  concentrated  or  saturated  solutions  of  these  neutral  salts. 
Their  solutions  are  coagulated  by  heat,  though  the  T°  of  heat 
coagulation  varies  considerably.  They  are  soluble  in  dilute  acids 
and  alkalies,  yielding  acid-  and  alkali-albumin  respectively. 
Most  of  them  are  precipitated  from  their  saline  solution  by 
saturation  with  NaCl,  MgSO^,  AmjSO^,  and  some  other  neutral 
salts. 

(r)  Sernm-globulin  forms  about  half  the  total  proteids  of 
blood-serum.  It  is  insoluble  in  water,  readily  soluble  in  dilute 
saline  solutions  (NaOl,  MgSOJ  Its  solutions  give  the  general 
reaccions  for  proteids.  Its  NaCl  solution  coagulates  at  about 
75°  C. 

Repeat  all  the  genex'al  reactions  for  proteids. 

{a)  Neutralise  s  c.c.  blood-serum  with  dilute  acetic  or 
sulphuric  acid  (ci  p.c),  then  add  75  c.c.  distilled  water,  and 
allow  the  precipitate  to  settle.  Pour  off  tlie  fluid  and  divide 
the  precipitate  into  two  portions,  noting  that  it  is  insoluble  in 
water,  but  soluble  in  excess  of  acid. 

(6)  Boil  a  portion  of  the  neutralised  fluid  =  coagulation. 

(c)  Saturate  blood-serum  with  crystals  of  MySO^,  shaking 
briskly  for  some  time.  Serum-globulin  separates  out  and  floats 
on  the  surface.     Filter,  and  test  the  filtrate  for  serum-albumin. 

{d)  Pour  upon  some  blood-serum  in  a  tube  a  saturated  solu- 
tion of  MgSO^.  Where  the  two  fluids  meet  there  is  a  white 
zone  of  serum-globulin. 

{«)  Saturate  blood-serum  with  crystals  of  NaOl  or  neutral 
A  m2S04  =  separation  of  serum-globulin. 

,  (J)  Precipitate  the  serum-globulin  with  MgSO^,  and  filter. 
To  the  filtrate  add  Na^SO^  in  excess,  which  gives  a  further 
precipitate.  The  filtrate  may  still  give  the  reactions  for 
proteids. 

{g)  Let  a  few  drops  of  serum  fall  into  flistilled  water  =  faint 
opalescence  due  to  serum-globulin,  or  precipitate  after  standing. 

(2)  Fibrinogen,  see  "Blood." 

(3)  Myosin,  see  "Muscle." 

(4)  Crystallin  is  obtained  from  the  crystalline  lens. 

(5)  Globin  the  proteid  constituent  of  hsemoglobin. 

III.  Derived  Albumins  (Albuminates)  are  compounds  of  pro- 
teids with  mineral  substances.  Those  produced  by  the  action 
of  acids  or  alkalies  on  albumins  or  globulins,  yield  respectively 
acid-albumin  and  alkali-albumin.  They  are  insoluble  in  pure 
water  and  in  solutions  of  NaOl,  but  readily  soluble  in  dilute 
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HOI  and  dilute  alkalies.     The  solutions  are  not  coagulated  by 
heai. 

(i)  Alkali-albamin  or  Alkali-albnminate. 

(a)  To  dilute  egg-albumin  add  a  few  drops  of  o-i  p.c.  NaHO, 
and  keep  it  at  40°  0.  for  5  to  10  minutes  =  sdkali-albumin.  Boil ; 
it  does  not  coagulate,  and  is  alkaline. 

(6)  Colour  some  with  litmus,  and  neutralise  carefully  with 
o'l  p.c.  HCl  or  H2S0^  =  a  precipitate  on  neutralisation,  which 
is  soluble  in  excess  of  acid  or  alkali. 

(c)  Repeat  (6) ;  but,  before  neutralising,  add  sodium  phos- 
phate solution  (10  p.c).  The  alkaline  phosphates  prevent 
precipitation  on  neutralisation,  until  at  least  sufficient  acid  is 
added  to  convert  the  basic  phosphate  into  acid  phosphate.  The 
solution  must  be  decidedly  acid  before  a  precipitate  falls. 

(d)  Precipitate  by  saturating  with  crystals  of  NaOl  or  MgS04. 

(e)  Lleberkiihn's  jelly  ia  a  strong  solution  of  alkali-albumin.  To 
undiluted  egg-white  add  strong  KHO.  The  whole  mass  becomes  a  jelly, 
so  that  the  tube  can  be  inverted  without  the  mass  falling  out. 

(/)  Liberation  of  sulphur.  Boil  a  strong  solution  of  alkali-albumin 
with  lead  acetate  solution = black  precipitate  of  lead  sulphide. 

(2)  Acid-albumin  [or  syntonin].    Preparation. 

(A)  To  dilute  egg-albumin,  add  o'l  p.c.  HgSO^,  and  warm 
gently  for  several  minutes  =  acid-albumin. 

(B)  To  finely-minced  well  washed  muscle,  e.g.,  of  frog  or  rabbit,  add 
ten  volumes  of  dilute  HCl  (4  c.o.  of  acid  in  a  litre  of  water),  allow  it  to 
stand  for  several  hours  and  stir  it  frequently;  filter,  the  filtrate  is  a 
solution  of  a  globulin  combined  with  an  acid — syntonin. 

(C)  Allow  concentrated  HCl  to  act  on  fibrin  for  a  time,  and  filter. 

(D)  Dissolve  myosin  in  excess  of  I  p.o.  HCl,  and  after  a  time  neutralise 
the  solution  with  sodium  carbonate. 

(E)  To  undiluted  egg-white,  add  acetic  aoid=a  jelly  of  acid-albumin. 

Use  the  clear  filtrate  from  (A)  or  (B)  for  testing  acid 
reaction. 

(a)  Boil ;  it  does  not  coagulate. 

(6)  Add  litmus  solution,  and  neutralise  with  very  dilute 
NaHO  =  a  precipitate  soluble  in  excess  of  the  alkali  or  acid. 

(c)  Repeat  (b),  but  add  sodium  phosphate  before  neutralis- 
ing; acid-albumin  is  precipitated  on  neutralising.  Thus  sodium 
phosphate  does  not  interfere  with  its  precipitation. 

(d)  Add  strong  H]Sr03  =  a  precipitate  which  dissolves  on 
heating,  producing  an  intense  yellow  colour. 

(e)  It  is  precipitated  by  saturation  with  neutral  salts,  e.g.,  NaCl,  MgSOj, 
(NHiJjSOj,  like  globulins. 
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(/)  Boil  with  lime-water = partial  coagulation.  / 

ig)  It  gives  no  sulphur  reaction  (unlike  alkali-albumin). 

IV.  Proteoses  or  Albumoses  are  formed  as  intermediate  prof 
ducts  in  the  peptic  and  tryptic  digestion  of  proteids.  In 
peptic  digestion  of  albumin,  acid-albumin  is  first  formed,  an4 
finally  peptone.  Between  the  two  is  the  group  of  proteoses  or 
albumoses — primary  and  secondary.  These  proteoses  have  been( 
subdivided  into  albumoses,  globuloses,  caseoses,  (kc,  according 
as  they  are  derived  from  albumin,  globulin,  or  casein.  (See, 
"  Digestion.")  Witte's  peptones  {i.e.,  "  Commercial  peptones  ") , 
usually  contain  a  small  amount  of  peptone  and  much  albumose. 
Make  a  strong  solution  by  dissolving  some  in  warm  water,  or  lo 
p.o.  NaOl.     This  gives  a  solution  of  albumoses. 

(a)  They  are  soluble  in  water ;  not  coagulated  by  heat ;  and 
are  precipitated  by  complete  saturation  with  neutral  ammonium 
sulphate.  The  precipitate  with  (NH4)2SO^  partly  disappears 
on  heating,  and  reappears  on  cooling. 

>  (b)  Add  nitric  acid  =  a  white  precipitate  which  dissolves  with 
heat  (yellow  fluid)  and  reappears  on  cooling.  Run  tap  water  on 
the  tube,  the  precipitate  reappears.  This  is  a  characteristic  re- 
action, and  occurs  best  in  the  presence  of  NaCl.  [Salicyl- 
sulphonic  acid  gives  the  same  result.] 

(c)  Acetic  acid  and  ferrocyanide  of  potassium  =  precipitate 
which  disappears  on  heating,  and  reappears  on  cooling. 

{d)  It  is  precipitated  by  acetic  acid  and  saturation  with 
NaCl.  The  precipitate  disappears  on  heating,  and  reappears  on 
cooling. 

(e)  It,  like  peptone,  gives  a  rosy-pink  with  Piotrowski's  test, 
i.e.,  OuSO^  -I-  NaHO. 

if)  They  are  precipitated  but  not  coagulated  by  alcohol. 

{g)  To  5  c.c,  -I-  5  c.c.  saturated  solution  of  Am2S04  and  4 
grms.  of  the  powdered  solid.  Saturate  the  mixture  in  water 
bath  at  35°  C.  -  sticky  deposit  of  albumoses.  Filter,  and  test 
filtrate  for  peptones, 

(h)  Add  I  0.0.  dil.  H2SO4  (l  :  4) -t-ZuS04= precipitate. 

V.  Peptones  are  hydrated  proteids,  and  in  the  body  are  pro- 
duced by  the  action  of  proteolytic  ferments  on  proteids.  They 
are  exceedingly  soluble  in  water,  but  they  are  not  precipitated 
by  NaCl,  acids,  or  alkalies,  nor  are  they  coagulated  by  heat. 
They  are  precipitated  by  tannic  acid,  and  with  diflSculty  by 
a  large  excess  of  absolute  alcohol.  Not  precipitated  by 
(NH4)2S04  (unlike  all  other  proteids.) 
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Use  a  solution  of  Darby's  fluid  meat  or  commercial  peptones  in  warm 
water.  Commercial  peptones  contain  only  a  small  amount  of  peptone,  and 
much  albumose. 

(a)  Boil ;  it  is  not  coagulated. 

(6)  Xanthoproteic  reaction. — Add  HNOgj  boil  =  a  yellowish 
colour,  no  precipitate;  cool,  and  add  ammonia  =  orange  colour. 

(c)  Acidify  strongly  with  acetic  acid,  and  add  ferrocyanide 
of  potassium  =  no  precipitate. 

(d)  Test  separate  portions  with  tannic  acid;  potassio-mercuric 
iodide;  mercuric  chloride;  picric  acid  (saturated  solution);  and 
lead  acetate.  Each  gives  a  precipitate.  The  picric  acid  pre- 
cipitate disappears  on  heating,  and  reappears  on  cooling. 

(e)  Biiuret  reaction. — Add  excess  of  NaHO,  and  then  a  few 
drops  of  very  dilute  solution  of  CuSO^  =  a  rose-pink  coYotit;  on 
adding  more  CuSO^,  it  changes  to  a  violet. 

{f)  Add  two  drops  of  Fehling's  solution  =  a  rose-pink  colour; 
add  more  Fehling's  solution,  the  colour  changes  to  violet. 

(g)  Neutralise  another  portion  =  no  precipitate. 

(A)  Add  excess  of  absolute  alcohol  =  a  precipitate  of  peptone, 
but  not  in  a  coagulated  form. 

(i)  It  is  not  precipitated  by  saturation  with  NaCl  or  MgSO^, 
nor  by  boiling  with  NajSO^  and  acetic  acid. 

(J)  Peptone  is  not  precipitated  by  saturation  with  neutral 
AmgSO^.  If.JB. — The  other  proteids  are.  Hence  this  salt  is 
used  to  precipitate  other  proteids  in  the  presence  of  peptones, 
the  latter  remaining  in  solution. 

(k)  It  also  gives  Millon's  test.  No  precipitate,  but  red 
colour. 

{I)  Saturate  the  solution  of  commercial  peptones  with  (NH^)2 
SO^  =  a  precipitate  of  albumoses  or  proteoses.  Filter.  The 
filtrate  contains  the  pure  peptone. 

(m)  Difftmbility. — Place  a  solution  of  peptones  in  a  dialyser  covered 
with  an  animal  membrane,  and  test  the  diffasate  after  some  time  for 
peptones.     Peptones  do  not  diffuse  through  a  parchment  tube. 

VI.  Coagulated  proteids  are  insoluble  in  water,  weak  acids, 
and  alkalies,  but  are  dissolved  when  digested  at  40°  0.  in  gastric 
juice  (acid  medium),  or  pancreatic  juice  (alkaline  medium), 
forming  first  proteoses  and  finally  peptones.  There  are  two 
subdivisions  : — 

(A)  Proteids  coagulated  by  heat. 

Preparation. — Use  chopped-up,  hard-boiled  white  of  egg. 

(a)  Test  its  insolubility  in  water,  weak  acids,  and  alkalies. 
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(6)  It  is  partially  soluble  in  acids  and  alkalies,  when  boiled. 

(c)  Bruise  some  in  water,  and  test  with  Millon's  reagent. 

(B)  Proteids  coagulated  by  ferment  action. 

(i.)  Fibrin  is  insoluble  in  water  and  weak  solutions  of  NaCl. 
It  is  a  white,  fibrous,  soft,  and  very  elastic  substance,  which 
exhibits  fibrillation  under  a  high  magnifying  power  (see 
"  Blood  »). 

(a)  Place  well-washed,  chopped-up  fibrin  in  a  test-tube,  add 
0-2  p.c.  HCl.  It  swells  up  and  becomes  transparent  in  the 
cold,  but  does  not  dissolve.  On  neutralising  with  dilute 
NajCOg  it  regains  its  original  size. 

(b)  Repeat  (a),  but  keep  on  a  water-bath  at  60°  C.  for  several 
hours  ;  filter,  and  test  the  filtrate  for  acid-albumin  by  neutralisa- 
tion with  very  dilute  KHO  or  NajCOg. 

(0)  To  a  very  dilute  solution  ot  CuSO^  add  fibrin.  The  latter 
becomes  greenish,  while  the  fluid  is  decolourised.  Add  NaHO, 
the  flock  becomes  violet. 

(d)  To  chopped-up  fibrin  suspended  in  water  apply  the 
xanthoproteic  ,and  Millon's  tests  for  proteids. 

(e)  For  the  effect  of  a  dilute  acid  with  pepsin  (see  "Digestion"). 
These  digest  fibrin,  and  convert  it  into  proteose,  and  ultimately  into 
peptone. 

(/)  It  decomposes  hydrio  peroxide,  and  tiirns  freshly-prepared  tincture 
of  guaia,cum  blue  (see  "Blood"). 

ig)  Digest  fibrin  in  10  p.c.  NaCl  for  two  days.  A  small  part  is 
dissolved ;  boil  the  fluid  =  coagulation. 

(ii.)  Myosin  (see  "  Muscle  "). 

(iii.)  Casein  (see  "Milk"). 

(iv.)  Gluten  (see  "Bread"). 

[VII.  Combined  or  compound  proteids  consist  of  proteids  com- 
bined with  non-proteid  bodies — e.g.,  hsematin,  carbohydrates,  or 
Aucleic  acid.  ,,^ 

r  Hsemoglobin  ("Blood"). 

(a)  Ghromo-proteids,       .   ■!    Histohsematin. 

[  Hsemocyanin. 

(b)  Gluco-proteids,    .       .   {  JJuco^ds. 

{Gaseinogen  (see  "  Milk  "). 
Vitellin. 
Nucleo-histon.] 

[VIII.  Protamines — regarded  by  Kossel  as  the  simplest  pro- 
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teids — exist  in  combination  with  nuolein  in  fish  sperm.  They 
yield  bases  containing  6  atoms  of  carbon,  and  these  bases  as 
a  group  have  been  called  hexones — e.g.,  lysin,  arginin,  histidin.] 

Additional  Exercises. 

1.  Eeaotion  of  Adamkiewicz. — To  white  of  egg  add  glacial  acetic 
acid,  and  heat  to  get  it  in  solution ;  gradually  add  concentrated  H2SO4  =  a 
violet  colour  with  slight  fluorescence  (not  given  by  gelatine).  (Impurity 
in  A  acid — Hopkins,  Proc.  JR.  S.,  1901.) 

2.  Liebermaim's  reaction. — Wash  finely  powdered  albumin  with 
alcohol  and  then  with  cold  ether,  and  heat  the  washed  residue  with  con- 
centrated HCl  acid  =  a  deep  violet-blue  colour.  This  is  best  done  in  a 
white  porcelain  capsule,  or  on  a  filter-paper  in  a  funnel ;  in  the  latter  case 
the  boiling  acid  is  poured  gently  down  the  side  of  the  filter-paper  ;  or  to 

,  3  c.c.  HCl  +  2  drops  undiluted  egg-white.  Boil  =  pink  or  violet  colour. 
Avoid  excess  of  water. 

Colour  reactions  with  cobalt  (see  Pickering,  Journ.  of  Phys.,  xiv.,  1893). 

The  proteid  molecule  contains  several  aromatic  groups: — (i)  Oxy- 
phenol  group,  represented  by  phenol  and  tyrosin.  The  xanthoproteic  and 
Millon's  reactions  are  due  to  the  formation  of  nitro-products  from  this 
group.  (2)  Phenyl  group,  by  phenyl-aoetic  acid.  (3)  The  indol  group,  by 
indol  and  skatol.  The  Adamkiewicz  reaction  is  due  to  this  group  (Novy). 
Liebermann's  reaction  does  not  appear  to  be  due  to  the  aromatic  group. 

3.  Indiffusibility  of  egg-albumin  (and  most  proteids). — Place  egg- 
white  solution  in  a  dialyser  or  parchment-paper  sausage-tube.  Suspend  in 
a  tall  glass  jar  (Lesson  IX.  I  of  distilled  water.  The  salts  (crystalloids) 
diffuse  readily  (test  for  chlorides  by  AgNOj  and  HNO3).  Test  the 
diffusate  for  proteids  =  result  negative.  (Peptones  diffuse  through  animal 
membranes. ) 

4.  Nitrogen  and  sulphur  in  albumin.  —  (a)  Place  powdered  dried 
albumin  in  a  reduction  tube,  and  into  the  mouth  of  the  tube  insert  ( I )  a 
red  litmus  paper,  and  (2)  a  lead  acetate  paper.  On  heating  the  tube,  the 
former  becomes  blue  from  the  escape  of  ammonia,  which  can  also  be  smelt 
(odour  of  burned  feathers),  and  the  latter  black  from  the  formation  of  lead 
sulphide 

(6)  Heat  dry  proteid  with  excess  of  soda-lime  in  a  hard  dry  tube  or 
spoon.  It  is  charred,  and  ammonia  vapour  is  evolved.  The  charring  shows 
the  presence  of  C  and  the  ammonia  the  presence  of  N. 

(c)  Heat  in  a  dry  hard  tube — at  first  slowly,  and  then  strongly — dry 
proteid  with  a  smaU  piece  of  metallic  sodium,  cool,  add  3  c.  c.  water  to  the 
NaCy  residue,  filter,  and  to  the  filtrate  add  a  few  drops  of  ferric  chloride 
and  ferrous  sulphate,  and  then  excess  of  HCl.  If  nitrogen  be  present, 
there  is  a  precipitate  of  Berlin  blue,  sometimes  only  seen  after  standing  for 
a  time. 

[d)  To  a  solution  of  albumin  add  an  equal  volume  of  solution  of  caustic 
potash  and  a  few  drops  of  lead  acetate  and  boil  for  some  time  =  slowly  a 
brownish  colouration,  due  to  lead  sulphide. 

5.  Temperature  of  coagulation  (fig.  i). — The  reaction  of  the  fluid  must 
be  neutral  or  feebly  acid.  "A  glass  beaker  containing  water  is  placed 
within  a  second  larger  beaker  also  containing  water,  the  two  being  sepa- 
rated by  a  ring  of  cork.  Into  the  water  contained  in  the  inner  beaker 
there  is  immersed  a  test-tube,  in  which  is  fixed  an  accurately  graduated 
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thermometer,  provided  with  a  long  narrow  bulb.  The  Bolution  of  the  pro- 
teid,  of  which  the  temperature  of  coagulation  is  to  be  determined,  is  placed 
in  the  test-tube,  the  quantity  being  just  sufficient  to  cover  the  thermometer 
bulb.  The  whole  apparatus  is  then  gradually 
heated,  and  the  experimenter  notes  the  temperature 
at  which  the  liquid  first  shows  signs  of  opalescence" 
(Owmgee). 

6.  Circumstances  modifying  coagulating  tem- 
perature.—Place  5  CO.  of  solution  of  albumin  in 
each  of  three  test-tubes,  colour  with  neutral  solution 
of  litmus,  and  label  A,  B,  C.  To  A  add  a  drop  of 
very  dilute  acetic  acid  (o'l  p.c.  diluted  five  or  six 
times) ;  to  B  a  very  dilute  solution  of  NaHO  (o'l 
p.c.  similarly  diluted);  Cis  neutral  for  comparison. 
Place  all  three  tubes  in  a  beaker  with  water  and 
heat  gradually.  Coagulation  occurs  first  in  A,  next 
in  C,  and  not  at  all  in  B,  the  alkaline  solution. 
Use  thermometer. 

7.  Influence  of  salts  on  coagulation. — To  blood- 
serum  diluted  one-fifth  add  an  equal  volume  of 
saturated  solution  of  NaCl.  Divide  into  two  por- 
tions. Boil  one  portion  =  coagulation  ;  acidify  the 
other  with  acetic  acid ;  it  may  become  slightlv 
turbid,  and  on  heating  it  coagulates.  The  more 
salts  present  in  an  albuminous  solution  the  less  is 
the  coagulation  temperature  dependent  on  the  re- 
action of  the  fluid.  The  less  the  amount  of  salts 
the  nearer  neutral — or  even  slightly  acid — must  the 
reaction  be  to  ensure  coagulation.    ^ 

8.  Crystallisation  of  proteids  —  e.g.,  Egg-aXbu- 
Kg.  I.— Apparatus  for  de-  "J™- ^Various  methods  are  employed,  but  the  most 
termining  the  Coagulation  convenient  is  that  of  Hopkins  and  Pinkus,*  which 
Temperature  of  Proteids.  is  a  modification  of  the  original  method  by  Hof- 
meister  [iSgr]. 
Fresh  egg-white  is  thoroughly  mixed  with  an  equal  bulk  of  saturated 
neutral  filtered  solution  of  Am2S04,  the  latter  being  gradually  added — lo 
o.c.  to  IS  CO.  at  a  time — and  the  mixture  stirred  with  an  egg- whisk  after 
each  addition.  The  mixture  is  strongly  alkaline  and  smells  of  ammonia. 
Let  the  well-whisked  mixture  stand  overnight,  filter,  and  to  the.  clear 
filtrate  add  from  a  burette  very  cautiously  more  Am2S04  until  a  permanent 
precipitate  is  obtained.  Add  a  few  drops  of  distilled  water  until  the  solu- 
tion is  again  clear.  Drop  in  from  a  burette  lo  p.c.  acetic  acid  until  a 
distinct  and  bulky  precipitate  is  obtained.  Cork  the  bottle,  and  let  it 
stand  for  24  hours,  when  abundance  of  small  rosettes  or  fan-shaped  aggre- 
gations of  microscopic  needle-shaped  crystals  are  obtained  when  a  prepara- 
tion is  examined  with  ^-inch  objective.  On  adding  the  Am2S04  to  the 
proteid,  ammonia  is  evolved,  and  this  free  alkali  interferes  with  the 
separation  of  crystals,  hence  the  addition  of  acetic  acid.  Pure  egg-albumen, 
crystals  of  serum-albumin  (Oilrher),  and  allied  bodies  have  thus  been  ob- 
tained in  large  quantities.t  If  a  dye  be  added  during  crystallisation  the 
crystals  are  correspondingly  coloured. 


*Jov,m.  ofPhya.,  xxiii.,  132, 1898.     \Jau,m.  ofPhys.,  xxv.,  306, 1900. 
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9.  Halogen  proteid  derivatives — i.e.,  artificial  compounds  of  proteids 
with  iodine  and  other  halogens.  These  have  a  certain  importance  in  view 
of  the  iodine  compounds  obtainable  from  the  thyroid  gland  {F.  Blum). 

Egg-albumin  +  15  water  is  slightly  acidulated  and  filtered.  To  the 
clear  filtrate  Br,  I,  or  01  is  added,  the  mixture  being  well-shaken,  when 
the  corresponding  halogen  proteids  are  obtained  *  [Blum.  Hopkins  and 
Brook).     They  do  not  give  Millon's  reaction. 

10.  Eemoval  of  proteids. — The  following,  amongst  other  methods,  are 
used  for  removing  proteids  from  liquids  containing  them.  In  this  way 
other  substances  present  may  be  more  easily  detected. 

Wenz's  Method.  — Saturate  with  (NH4)2S04.  This  precipitates  all  proteids 
except  peptones. 

Boiling. — Acidulate  faintly  with  acetic  acid  and  boil.  This  removes 
globulins  and  albumins. 

Briicke's  Method.  — Acidulate  with  HCl,  and  then  add  potassio-merourio 
iodide  (see  "  Liver"  and  "Glycogen"). 

Alcohol. — Acidify  feebly  with  acetic  acid,  add  several  volumes  of  absolute 
alcohol.     After  24  hours  all  proteid  is  precipitated. 

Girgenaohn's  Mfihod. — Add  half  its  volume  of  a  saturated  solution  of 
NaCl,  and  then  tannic  acid  in  slight  excess.    This  precipitates  all  proteids. 

11.  Lardacein,  or  amyloid  substance,  occurs  in  organs — e.g.,  Uver  and 
kidney — undergoing  amyloid,  waxy  or  wax  like,  degeneration.  It  is  in- 
soluble in  dilute  acids  or  alkalies,  and  is  not  acted  on  by  gastric  juice. 

(a)  A  solution  of  iodine  in  iodide  of  potassium  gives  a  deep  brown  or 
mahogany  stain  when  poured  on  a  section  of  a  fresh  waxy  organ. 

(6)  With  iodine  and  sulphm-ic  acid  a  blue  reaction  is  occasionally 
obtained. 

(c)  Methyl-violet  and  gentian-violet  give  a  rose-pink  with  the  waxy 
parts,  while  the  healthy  parts  are  coloured  blue  or  purple. 


LESSON  II. 

ALBUMINOIDS— NUCLEO-PBOTEIDS. 

The  group  of  albuminoids  includes  a  number  of  bodies  which 
in  their  general  characters  and  elementary  composition  resemble 
proteids,  but  differ  from  them  in  many  respects.  They  are 
amorphous ;  some  contain,  sulphur,  and  others  do  not.  The 
decomposition-products  resemble  those  of  proteids. 

I.  Collagen  is  the  name  given  to  the  albuminoid  basis  of  con- 
nective tissues — such  as  tendon,  ligaments,  and  bone.  Gelatin 
is  obtained  from  them  by  prolonged  boiling. 

Preparation  of  a  solution. — Use  best  French, commercial  gelatin. 

*  Jcmm.  of  Phys.,  xxii.,  1898. 
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Cut  it  into  small  pieces,  add  cold  water.  The  gelatin  swells  up 
by  imbibition  of  water,  but  does  not  dissolve.  Heat,  the  gelatin 
dissolves.  Allow  it  to  cool;  it  gelatinises  if  the  solution  is 
strong  enough. 

(A)  General  proteid  tests  for  gelatin. 

{a)  Xanthoproteic  test. — Add  HNO3  and  boil  =  a  light  yellow 
colour  with  no  previous  precipitate ;  the  fluid  becomes  lemon- 
coloured  on  adding  ammonia.  This  reaction  is  feeble,  owing 
to  the  absence  of  the  phenol  group,  O5H5OH. 

(6)  Millon's  reagent  =  no  pinkish-red  precipitate  on  boiling, 
due  to  the  absence  of  the  tyrosin  nucleus.  This  reaction  may  be 
obtained  with  commercial  gelatin,  but  not  with  pure  gelatin. 

(c)  Piotrowski's  test  =  a  blue-violet,  rather  than  a  violet  colour, 
with  NaHO  and  CuSO^  (resembling  somewhat  proteids). 

(d)  Not  precipitated  by  acetic  acid  and  potassiuin  ferrocyanide 
(unlike  albumin,  but  like  peptone). 

(e)  Not  coagulated  by  heat  (unlike  albumin). 

(/)  Not  coagulated  by  boiling  with  NagSO^  and  acetic  acid 
(unlike  albumin). 

(gr)  Precipitated  by  saturation  with  MgSO^  or  (NH^)2S0^. 

(B)  Special  reactions  for  gelatin. 

(h)  It  is  not  precipitated  by  acetic  acid  (unlike  mucin)  or 
alkalies. 

(i)  Mercuric  chloride  =  no  precipitate  (unlike  albumose  and 
peptone). 

{j )  Lead  acetate  =  no  precipitate  (unlike  proteids).  The  heavy 
metals  do  not  precipitate  it  (unlike  proteids). 

(k)  Tannic  acid  =  white  precipitate,  insoluble  in  excess. 

(I)  Picric  acid  (sat.  sol.)  =  yellowish- white  precipitate,  which 
disappears  on  heating  and  reappears  on  cooling. 

(m)  It  is  precipitated  by  alcohol,  and  also  by  platinio  chloride. 

II.  Chondrin  is  obtained  by  the  prolonged  boiling  of  hyaline 
cartilage,  which  largely  consists  of  the  substance  "  Chondrigen." 

Preparation. — Boil  costal  cartilages  (perichondrium  removed)  several 
hours  in  water  =  opalescent  fluid,  which  gelatinises  on  cooling, 
(a)  Acetic  acid  =  white  precipitate,  soluble  in  great  excess. 
(6)  Dilute  mineral  acids  =  white  precipitate,  readily  soluble  in  excess, 
(c)  Not  precipitated  by  acetic  acid  and  potassium  ferrocyanide. 

III.  Mucin,  see  "  Saliva."  It  is  also  found  in  the  ground 
substance  of  connective  tissue  and  tendon.     There  are  probably 
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several  mucins.  On  heating  with  dilute  HjSO^  they  yield  a 
reducing  sugar,  and  they  are  regarded  as  glucosides,  compounds 
of  a  proteid  (globulin?)  with  animal  gum.  It  has  been  called 
a  "  glucoproteid." 

Breparation. — (A)  Place  small  pieces  of  tendon  for  3  days  in  lime-water, 
which  dissolves  the  mucin.     Add  acetic  acid  =  precipitate  of  mucin. 

(B)  Mince  the  submaxillary  gland  of  an  ox,  rub  it  up  with  sand  in  a 
mortar,  and  add  half  a  Utre  of  o'l  p.c.  KHO  solution.  Stir  from  time  to 
time,  .and  after  an  hour  or  two  strain  through  wet  linen  and  filter  through 
coarse  filter  paper. 

(o)  Mucin  makes  fluids  viscid  and  sUmy.  It  is  not  coagulated  on  boil- 
ing.    Add  acetic  acid  =  stringy  precipitate  insoluble  in  excess  of  acid. 

(6)  It  gives  the  xanthoproteic  test  and  Millon's  reaction. 

(c)  Add  NaHO  and  CUSO4  =  violet  colour. 

{d)  It  is  not  precipitated  by  tannic  acid  (unlike  gelatin)  or  by  potassium 
ferrooyanide  (unUke  proteids,  except  peptone). 

(e)  Add  lead  acetate  =  precipitate  (unlike  gelatin). 

(/)  Boil  with  a  few  drops  of  H2SO4  (25  p.c).  It  is  decomposed  and 
yields  a  reducing  sugar.     Apply  Trommer's  test. 

IV.  Elastiu  is  the  chemical  basis  of  elastic  tissue,  ligamentum 
nuchse,  ligamenta  subilava,  &c. 

Preparation. — Boil  fresh  ligamentum  nuchas  of  an  ox  successively  in 
alcohol,  ether  (to  remove  fats),  water  (to  remove  gelatin),  and  finally  in 
acids  and  alkalies. 

(a)  It  is  insoluble  in  water,  but  is  soluble  in  strong  caustic  soda. 

(6)  It  gives  the  xanthoproteic  test. 

(c)  It  is  precipitated  from  a  solution  by  tannic  acid. 

V.  Keratin  is  the  chemical  basis  of  some  epithelial  structures —  ' 
e.g.,  surface  layers  of  the  epidermis,  hairs,  horn,  hoof,  and  nails. 
It  contains  a  large  percentage  of  sulphur,  part  of  which  is  loosely 
combined.  It  is  very  insoluble  (though  soluble  in  strong  alkalies), 
and  resists  putrefaction  for  a  long  time.  A  closely-allied  body, 
Neuro-Keratin,  is  found  in  nerve  fibres. 

{a)  Burn  a  paring  of  horn,  and  note  the  characteristic  smell. 
(6)  Heat  a  paring  of  nail  or  horn  with  strong  NaHO  and  lead  acetate  = 
black  or  brown  colouration,  due  to  lead  sulphide, 
(c)  Test  for  sulphur.     (Lesson  I.,  Add.  Exs.). 

VI.  Nucleo  -  proteids  are  compounds  of  proteids  with  the 
complex  body  nuclein,  which  contains  phosphorus,  nuclein  being 
so-called  because  it  is  obtained  chiefly  from  the  nuclei  of  cells, 
though  it  also  occurs  in  protoplasm.  In  some  animals  the  so- 
called  mucin  of  bile  is  a  nucleo-proteid.  When  digested  with 
gastric  juice  they  yield  from  the  proteid  partner — peptone — and 
an  insoluble  nuclein  which  contains  phosphorus;  thus  differing 
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from  true  mucins,  which  yield  no  nuclein.     They  react  some- 
what like  globulins  and  mucin. 

Preparation. — As  it  is  most  abundant  in  nuclei  it  is  best  prepared  from 
cellular  organs — e.g.,  lymphatic  glands,  thymus. 

A.  Sodium  chloride  method. — Grind  finely-divided  thymus  gland  in  a 
mortar  with  an  equal  volume  of  NaCl  and  a  little  water.  Pour  the  viscous 
mass  into  distilled  water,  when  stringy  masses  rise  to  the  surface.  Collect 
and  dissolve  these  in  i  p  o.  sodium  carbonate  solution, 

B.  Grind  up  thymus  or  lymphatic  glands  of  ox  with  sand,  and  extract 
with  ID  to  20  vols,  of  water  (i  to  2  hours,  better  24  hours).  Strain,  and,  if 
possible,  eentrifugalise.  Add  acetic  acid,  dropwise,  until  acid,  when  the 
nuofeo-proteid  "  tissue  fibrinogen"  of  Wooldridge  is  precipitated. 

(a)  Dissolve  the  precipitate  in  i  p.c.  Na^COj,  or  dilute  altali  =  opalescent 
solution. 

(6)  Boil  (a)  =  no  coagulation.  The  original  solution  in  an  acid  medium 
is  coagulated  by  heat. 

(c)  Add  acetic  acid = precipitate  of  nuoleo-proteid. 

(d)  Saturate  with  MgS04  or  Am2S04  =  precipitate  of  nuoleo-proteid. 
(c)  It  yields  the  ordinary  proteid  reactions. 

(/)  Digested  in  gastric  juice  it  yields  an  insoluble  residue  of  nuclein, 
which  when  collected  and  boiled  with  HNO3  and  ammonium  molybdate 
yields  a  yellow  colour  indicating  phosphorus. 

(g)  A  few  o.c.  of  the  solution  injected  into  the  blood-vessels  of  a  rabbit 
produce  extensive  intra- vascular  clotting,  especially  in  the  veins. 

Record  the  results  obtained  with  the  following  substances 
and  tests : — 
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Xanthoproteic,   . 
Millon, 

CUSO4  +  NaHO, 

Nitric  acid. 

Boiling  and  cooling, 
O2H4O2  -1-  K4FeCy8, 
Tannic  acid, 

HgCl^,         .         . 
Alcohol, 

Sat.  with  MgS04, 
„        Am2S04, 

.. 

\Chemie  der  EiweisskSrper,  by  Otto  Cohnheim,  Braunschweig,  1900. 
The  chemistry  of  proteid  bodies,  translated  by  Gustav  Mann,  M.D.  Die 
Proteine,  by  G.  Buppel,  Marburg,  1900.] 
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LESSON  III. 

THE    CARBOHYDRATES. 

The  carbohydrates — represented  in  our  foods  by  starch  and 
sugar — occur  especially  in  plants.  They  also  occur  in  animals, 
to  a  smaller  extent,  chiefly  in  the  form  of  glycogen,  dextrose, 
and  lactose. 

They  consist  of  C,  H,  and  0,  with  the  H  and  O  in  the  same 
proportion  as  in  water  (i.e.,  2H  :  lO).  As  this  proportion 
obtains  in  other  substances  which  are  not  carbohydrates — e.g., 
acetic  acid  (OjH^Og),  lactic  acid  (CjHjOj),  the  definition  must 
be  extended.  The  chief  groups  include  substances  that  do  not 
contain  less  than  6  atoms  of  carbon,  although  many  carbo- 
hydrates contain  multiples  of  this.  To  every '6  atoms  of  C  there 
are  at  least  5  atoms  of  O,  so  that  on  the  one  hand  acetic  acid  is 
excluded,  and  pyrogallic  acid  (CgHgOg)  on  the  other.  Recently, 
however,  bodies — having  the  constitution  of  an  aldehyde-alcohol 
and  called  aldoses,  or  of  a  ketone-.alcohol — ketoses,  and  containing 
3  to  9  atoms  of  carbon,  have  been  included  in  this  group.  The 
number  of  C  atoms  always  equals  those  of  0,  and  according  to 
the  number  of  C  atoms  they  are  called  trioses,  tetroses,  pentoses, 
hexoses,  &c.  The  pentoses  have  been  found  abnormally  though 
rarely  in  lirine. 

General  characters. — They  are  indifferent  bodies,  with  a 
neutral  reaction  which  form  loose  combinations,  specially  with 
bases.  Other  general  characters  some  possess  directly,  e.g., 
dextrose,  or  they  can  be  converted  into  bodies  which  have  the 
following  features  in  common.  One  or  other  character  may  fail, 
but,  as  a  group,  they  have  the  following  reactions  : — 

(a)  They  reduce  alkaline  metallic  solutions,  and  are  coloured 
yellow  by  alkalies. 

(b)  Botate  the  plane  of  pola/rised  light. 

(c)  With   yeast  they  yield  alcohol   and  OO2 — i.e.,  undergo^;; 
fermentation.     (Some  do  not). 

{d)  Boiled  with  HCl  or  HjSO^  they  are  decomposed  with  the 
formation  of  Idvulinic  acid,  humin  substance,  and  formic  acid. 

(e)  Give  a  deposit  of  yellow  needles  with  phenyl-hydrazine. 

(/)  Various  colour  reactions  with  acids  and  aromatic  alcohols. 

(g)  Some,  e.g.,  cellulose  and  starch,  are  insoluble  in  water ; 
others  are  very  solMble.  Those  which  are  insoluble  in  water  can 
usually  be  dissolved  by  heating  with  an  acid — i.e.,  by  hydrolysis. 
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In   absolute  alcohol   (and   ether)  almost  all   are  soluble  with 
difficulty,  or  insoluble. 

(h)  When  strongly  heated  they  char,  decompose,  and  yield  a 
variety  of  products. 

Classification  of  some  Carbohydrates. 


I.  Glucoses  or 
Mouosaccliarides 

(Hexoses. ) 

II.  Saeoharoses  or 
Dlsaocliarides 

III.  Amyloses  or 

Folysaccliaridea 

(^(CoHioOs)). 

+   Dextrose. 
-  Lsevulose. 
+  Galactose. 

+   Cane-sugar. 
+  Lactose. 
+   Maltose, 
-f   Iso-maltose. 

-1-  Starch. 
+  Soluble  starch. 
-f  Dextrins. 
+   Glycogen. 

Cellulose. 

Animal  gum. 

The  +  and  -  signs  indicate  that,  as  regards  polarised  light,  the 
substances  are  dextro-  and  laevorotatory  respectively.  Those  in  italics 
occur  in  the  organs  or  secretions. 

The  amyloses  are  anhydrides  of  the  glucoses  [^(CgHijOg) -mH^O  = 
(CeHjjOgjn  ],  while  the  saccharoses  are  condensed  glucoses  (CgHuOg  + 
CgHj.jOg  -  HjO  =  C12H22O11)].  The  saccharoses  are  converted  into  glucoses 
on  boiling  with  dilute  sulphuric  acid. 


0 


+  H2O  =  2C6H,„0„, 


Emil  Fischer  has  shown  that  the  monosaccharides  are  aldehydes  or 
ketones  of  a  hexatomio  alcohol,  CsHgCOH)^.  Just  as  aldehyde,  C2H4O,  is 
formed  by  oxidising  ethylic  alcohol,  CjHjO,  so  from  mannitic  alcohol  the 
simjileBt  carbohydrate,  CeHjaOe,  is  formed.  When  two  molecules  of  such 
monosaccharides  polymerise- wjth  the  loss  of  water,  they  form  the  disac- 
charides,  which  may  split  up  again  and  yield  monosaccharides.  When 
there  is  further  polymerisation  with  loss  of  water  we  get  bodies  with  mole- 
cules of  greater  molecular  weight — the  simplet  members  being  dextrins, 
^the  more  complex  starch  and  glycogen,  forming  the  group  of  polysaccharides. 
These  in  turn  may  break  down  and  yield  monosaccharide  or  disaccharide 
molecules.  Thus  the  transformation  undergone  by  carbohydrates  in  the 
organism,  their  conversion  from  one  form  to  another,  are  rendered  more 
easy  of  comprehension. 

,  I.  MONOSACCHARIDES. 

1.  Glucose,  Dextrose,  or  Grape-sugar  (CeHijOg).— In  commerce 
it  occurs  in  warty  uncrystallised  masses  ^pt  a  yellowish  or 
yellowish-brown  colour.     It  exists  in  fruits,  honey,  and  in  small 
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quantities  in  the  blood  (o'l  to  o-z  p.c.)  and  other  fluids  and  organs. 
It  is  the  form  of  sugar  found  in  diabetic  urine.  After  ingestion 
of  large  quantities  of  sugar,  a  reducing  sugar  may  appear  in  the 
urine  ("Alimentary  glycosuria").  It  is  very  soluble  in  water 
and  in  alcohol.     Dissolve  a  small  quantity  in  hot  water  (i  p.c). 

(o)  It  is  not  so  sweet  as  cane-sugar. 

(6)  Add  iodine  solution  =  no 
reaction.  I      \ 

(c)  Heat  with  HjSO^;   dark- .        /         ) /^ 

ens  slowly.      (Distinction  from   ^^ "  "S^     \      /        \ 

cane-sugar.)  \|  — ^^^      ^~^  /       \ 

(d)  Dissolve  some  in  boiling  abso-  /S.  '-^-....^ 
lute  alcohol.     It  crystallises  in  trans-  >s.  ^^ 
parent  prisma  when  the  alcohol  cools  ^ — \ 
(fig-  2).  /  ^ 

(e)  Heat  gently  some  dry  glucose  \  /^ 
=  melts — then  yellow  and  brown  =  '■■^— 
(caramel)  with  odour  of  burnt-sugar.                        ^'S-  2.-Dextro8e. 

A.  Some  important  tests  depend  on  its  power  of  reducing 
various  metallic  oxides,  especially  those  of  copper.      Glucose, 

like  all  aldehydes  {e.g.,  formaldehyde,  HCc^-rj)  is  readily  oxi- 
dised. Substances,  therefore,  that  readily  give  up  0  are 
reduced. 

(a)  Trommer's  test. — Add  a  drop  or  two  of  CuSO^  solution 
(lo  p.c),  and  afterwards  NaHO  (or  KHO)  in  excess,  i.e., 
until  the  precipitate — hydrated  oxide  of  copper^first  formed  is 
re-dissolved,  and  a  clear  blue  fluid  is  obtained.  The  hydrated 
oxide  of  copper  is  held  in  solution  by  dextrose  (and  by  all  the 
glucoses).  Heat  the  upper  stratum  slowly,  turning  the  tube  in 
the  flame.  A  little  below  the  boiling  point,  if  grape-sugar  be 
present  the  blue  colour  disappears,  and  a  yellow  (cuprous 
hydrate)  or  red  (cuprous  oxide)  precipitate  is  obtained  which 
contrasts  sharply  with  the  deep  blue  below.  The  precipitate  is 
first  yellow,  then  yellowish-red,  and  finally  red.  The  colour  is 
best  seen  in  reflected  light.  If  excess  of  copper  be  added,  the 
copper  hydrate  precipitate  masks  a  small  amount  of  the  cuprous 
precipitate.  If  no  sugar  be  present,  only  a  black  colour  may  be 
obtained.     [Make  a  control  test  with  water  to  show  this.]  ' 

[Ammonia  or  ammoniacal  salts  retard  the  reaction,  as  the 
CujO  is  not  precJfjitated  at  once.  Test  this  by  adding  some 
NH^Cl,  then  perform  Trommer's  test.] 
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(6)  Add  Fehling's  solution;  boil  =  a  yellow  or  yellowish-red 
precipitate  of  cuprous  oxide  or  hydrate.  It  is  better  to  proceed 
thus  : — Boil  Pehling's  solution ;  if  it  retains  its  dark  blue  clear 
appearance  it  is  in  good  condition.  Add  the  sugar  solution  and 
boil  again  =  yellow  or  yellowish-red  precipitate  of  cuprous  oxide 
or  hydrate  due  to  reduction,  as  in  Trommer's  test.  [For  the 
method  of  making  Fehling's  solution,  the  precautions  to  be 
observed  in  using  it,  and  for  other  tests  for  glucose,  see 
"  Urine."] 

(c)  Barfoed's  reagent. — When  heated  with  dextrose  red 
cuprous  oxide  is  precipitated.  Lactose,  cane-sugar,  maltose,  and 
dextrin,  when  they  are  boiled  with  it  for  a  short  time,  give  no 
reaction.  Hence  this  reagent  has  been  used  to  distinguish 
dextrose  from  maltose.     (See  Appendix  for  its  preparation). . 

(d)  Bottger's  bismuth  test. — Heat  the  fluid  with  NaHO  and 
a  small  quantity  of  dry  basic  bismuth  nitrate  =  a  grey  or  black 
reduction  product  of  bismuth  oxide.  For  Nylander's  modifica- 
tion, see  "  Urine."  In  all  reactions  depending  on  reduction, 
one -must  recollect  that  some  substances  which  are  in  no  way 
related  to  the  glucoses — e.g.,  uric  acid,  kreatinin,  phenyl- 
hydrazine — may  cause  reduction,  and  thus  lead  to  error. 

BilOHs)  +  NaOH  =  BiiOH),  +  NaHO. 
2Bi{0H)3  -  3O       =  Bia  +  3H2O. 

B.  Other  Tests. 

(e)  Mulder's  test. — Add  freshly  prepared  sulphindigotate  of  soda  solu- 
tion .and  NojCOj,  and  boil;  the  blue  changes  to  violet,  red,  yellow,  and 
finally  heoomes  colourless— i.e.,  the  indigo  is  reduced  to  indigo-white. 
Cool  the  tube  under  \  he  water  tube,  and  shake ;  the  colours  reappear  in 
the  inverse  order  to  blue. 

(/)  Ficrio  acid. — Add  an  equal  volume  of  saturated  solution  of  picric 
acid,  and  some  NaHO  ;  boil  =  deep  red  solution  (see  "  Urine"). 

(3)  Molisoh's  test. — (i.)  Add  a  drop  or  two  of  a  15  p.  c.  alcoholic  solu- 
tion of  a-naphthol,  and  slowly  i  to  2  vols,  of  concentrated  H2SO4.,    The 
colour  which  first  appears  is  violet ;  water  causes  a  bluish- violet  deposit. 
(ii.)  If,  instead  of  the  naphthol,  an  alcoholic  solution  of  thymol  be  used,  a 
red  colour  is  obtained.     Seegen,  however,  points  out  that  this  reaction  can 
be  obtained  with  other  substances,  e.g.,  albumin,  which,  however,  is  denied 
by  Molisch.    It  is  not  a  reliable  test.    It  is  given  by  all  carbohydrates,  and 
ii  a  general  reaction  due  to  the  formation  of  furfurol  (C5H4O2). 
i      (h)  Nitro-propiol  {Gebhardt).— Dilute  10  to  15  drops  of  test  fluid  (or 
Fdiatoic  urine)  with  10  c.c.  distilled  water.     Add  a  nitro-propiol  tablet. 
•BoiL^If  glucose  be  present  the  fluid  becomes  greenish,  and  if  heating  be 
continued  it  becomes  blue-black,  due  to  indigo  blue,  which  is  deposited  on 
the  tube  cooling.     The  colour  may  be  extracted  by  chloroform.     (Tablets 
made  by  Teusch. )  • 

(i)  jiBenzoylchloride  and  excess  of  NaHO  =  precipitate, 
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[The  furfurol  reaction  is  often  used  not  only  for  testing  for  the  presence 
of  carbohydrates,  but  also  for  that  of  carbohydrate  groups  in  proteid 
bodies.  Besides  the  Molisch-Udransky  test  above  described,  resoroin  with 
HCl  {Seliwanoff),  phlorogluoin  with  HCl  {ToUens),  and  orcein  {TolUns) 
have  been  used.  On  heating  a  sugar  solution  containing  1 8  p.  c.  HOI  with 
orcein,  the  solution  becomes  first  red,  then  violet,  and  lastly  bluish-green, 
and  then  blue-green  flakes  are  deposited.  This  is  used  as  a  test  for  pen- 
(Neuberg,  Zeits.f.  phys.  Chem,,  xxxi.,  564).] 


C.  The  Osazone  reactions  are  of  prime  importance. 

Phenyl-hydrazine  test. — (a)  Two  parts  of  phenyl-hydrazine 
hydrochloride  and  three  of  acetate  of  soda  are  mixed  in  a  test- 
tube  with  6  to  10  CO.  of  dextrose  solution.  Boil  in  a  water-bath 
for  30  minutes,  and  then  place  the  tube  in  cold  water  or  dextrose. 
A  yellow  crystalline  deposit  is  formed,  which,  microscopically, 
consists  of  bright  sulphur-colour  yellow  needles  either  detached 
or  arranged  in  rosettes  or  feathery  groups  (fig.  3).  The  sub- 
stance formed  is  phenyl-glucosazone  (CigH22N^OJ,  with  a 
melting-point  of  204°  C.  The  arrangement  of  the  aoicular 
crystals  I  find  frequently  varies.  Sometimes  they  are  in 
rosettes  (see  "  Urine "),  and  at  other  times  more  feathery. 
They  are  soluble  in  alcohol,  and  may  be  recrystallised  from  it. 

The  phenyl-hydrazine  test 
with  sugars  is  a  most  impor- 
tant and  reliable  reaction  for 
their  identification.  It  forms 
with  most  sugars — when  suffi- 
ciently heated — osazones,  the 
several  sugars  yielding  corre- 
sponding yellow  osazones, 
which  differ  in  solubility, 
crystalline  form,  and  melting 
point  (see  "Appendix").  It 
is  usually  stated  that  the  best 
proportions  are  i  dextrose, 
2  hydrochloride  of  phenyl- 
hydrazine,  3  sodium  acetate, 
and  20  water.  The  substance 
formed  is  but  slightly  soluble 
in  water.  According  to  E. 
action  which  takes  place  : — 


Fig.  3.— Crystals  of  Phenyl-Glucosazone, 
X  120. 

Fischer,  the  following  is  the  re- 


CJeHiaOe 


-1-  2C6H5N2H3  =  OigH^jN.O, 

Fbenyl-glucosazone. 


-I-  2H„0  -I-  2H. 
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The  full  equation  is — 

OgHisOs :  N .  NH .  CgHj  +  aCgHjNH  .  NHg  = 
CeHi„0,{:  N  .  NH  .  OgHs)^  +  CgH^NH^  +  NH3  +  H^O. 

Glucosazone.  Anilin, 

(6)  A  simple  method  is  to  place  in  a  test-tube  half  an  inch  of 
hydrochloride  of  phenyl-hydrazine  (powder),  then  another  half 
inch  of  sodium  acetate  (crystals),  and  then  half  fill  the  test-tube 
with  the  sugar  solution.  Boil  for  2  minutes.  Let  the  tube 
stand  for  half  an  hour  or  longer  (  Williamson).  See  "  Urine  "  for 
other  points  of  clinical  importance,  and  for  an  important  modifi- 
cation by  Neumann. 

(c)  Or  add  to  the  dextrose  solution  half  its  volume  of  acetic 
acid  and  2  or  3  drops  of  phenyl-hydrazine  (fluid).  Boil  as  above 
with  a  similar  result. 

(d)  Riegler's  modification. — Dissolve  o'l  grm.  phenyl -hydrazine  and 
o'5  grm.  sodium  acetate  in  a  little  water.  Boil*  for  several  seconds  with 
I  CO.  of  a  glucose  solution  (or  diabetic  urine),  then  add  i  c.c.  of  NaHO 
(lop.c. ).  Within  a  mhiute  or  two  a  deep  red- violet  colour  appears'.  It  is 
applicable  for  the  lactose  in  milk. 

D.  Moore's  test — Yellow  colouration,  with  caustic  soda  or  potash. — Heat 
the  solution  with  half  its  -volume  of  NaHO  =  a  yellow  or  brown  colour  due 
to  the  formation  of  glucic  and  melassic  acids.  The  non-appearance  of  a 
yellow  colour  indicates  the  absence  of  dextrose,  but  the  following  sub- 
stances also  give  a  yellow  colour  with  NaHO  : — All  the  glucoses;  -together 
with  milk-sugar  and  lactose.  It  is  only  used  as  a  rough  test.  Estimation 
of  glucose,  see  "  Urine." 

E.  Fermentation  test,  see  "  Urine." 

The  other  members  of  the  glucose  group  are  purposely  omitted. 

II.  DISACCHARIDES. 

I.  Cane-sugar  (012^23011)  is  a  non-reducing  sugar. 

(a)  Note  its  crystalline  form 
(fig.  4)  and  sweet  taste. 

(6)  Its  pure  solutions  do  not 
reduce  Fehling's  solution. 

(c)  Trommer's  test  =  a  clear 
blue  fluid.    Heat  =  no  reduction. 

{d)  Barfoed's  reagent  is  not 
reduced. 


1^ 


Kg.  4.— Crystals  of  Cane-sugar.  '  (e)  It  does  not  form  a  corresponding 
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oaazone  with  phenyl-hydrazine,  but  after  inversion  it  forms  phenyl-gluco- 
sazone. 

(/)  Pour  strong  H2SO4  on  cane-sugar  in  a  beaker,  add  a,  few  drops  of 
water  ;  the  whole  mass  is  quickly  charred. 

(jr)  Heat  cane-sugar  with  caustic  soda  =  it  darkens  slowly. 

ijt)  Practically  insoluble  in  absolute  alcohol,  but  its  solubility  greatly 
increases  with  the  dilution  of  the  alcohol. 

(i)  Inversion  of  cane-sugar. — Boil  for  5  minutes  a  solution  of 
cane-sugar  with  a  few  drops  of  HCl  (or  25  p.c.  of  HjSO^).  The 
cane-sugar  is  "inverted."  Cool,  neutralise  with  NaHO.  The 
solution  contains  dextrose  and  Isevulose — both  reducing  sugars. 
Test  its  reducing  power  with  Fehling's,  solution  and  apply  the 
other  tests. 


Cane-sugar. 


'-12"6 
Glucose. 


12"6' 
Lsevulose. 


(j)  Estimation  of  cane-sugar. — To  10  c.c  of  cane-sugar  solu- 
tion, add  I  c.c.  of  a  25  p.c.  solution  of  HgSO^.  Boil  for  half  an 
hour,  and  then  make  up  bulk  of  fluid  to  its  original  volume. 
The  cane-sugar  is  converted  into  a  reducing  sugar — dextrose. 
Place  the  fluid  in  a  burette,  and  estimate  its  reducing  power  on 
Fehling's  solution  (see  "Urine");  95  parts  of  glucose  corre- 
sponds to  100  parts  of  cane-sugar. 

II.  Maltose  {C-i2'^22^ii)  forms  a  fine,  white,  warty  mass  of 
needles,  and  is  the  chief  sugar  formed  by  the  action  of  diastatic 


Fig.  5.— Crystals  of  Maltose. 


Fig.  6.— Crystals  of  Phenyl-Maltosazone  x  120. 


ferments  on  starch— s.g'.,  diastase  on  sprouting  barley  or  starch. 
It  is  a  reducing  sugar.  It  reduces  Fehling's  solution  more 
feebly  than  does  dextrose ;  10  c.c.  Fehling  =  -07  grm.  maltose, 
Barfoed's  reagent  helps  to  distinguish  it  (negative  result)  from 
dextrose. 
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(a)  Use  I  p.c.  solution  of  maltose  or  mix  i  grm.  ground  malt 
with  lo  volumes  water.  Keep  at  60°  0.  for  half  an  hour.  Boil 
and  filter;  the  filtrate  contains  maltose  and  dextrin. 

(b)  Test  for  a  reducing  sugar  with  Fehling's  solution  or  other 
suitable  test.'    (See  also  "  Salivary  digestion.") 

(c)  Apply  phenyl-hydrazine  test  (boil  1^  hours)  =  pheuyl- 
maltosazone  (OniHgjN^Og),  which  crystallises  in  yellow  needles 
(fig.  6). 

(d)  Barfoed's  reagent.  Boil  =  no  reduction.  In  this  respect, 
and  in  some  others,  it  differs  from  dextrose. 

(e)  It  is  soluble  in  water  and  alcohol.  Examine  its  crystals  (fig.  5).  Its 
specific  rotatory  power  is  +  150° — i.e.,  it  is  greater  than  that  of  dextrose, 
but  its  reducing  power  (on  Fehling's  solution)  is  only  two-thirds  of  that  of 
dextrose. 

Estimation  of  maltose. — (i.)  Determine  its  reducing  power  on 
10  CO.  of  Fehling's  solution  (see  "Urine"). 

(ii.)  Convert  it  into  dextrose  by  boiling  (|-  hour)  50  c.c.  of  the 
solution  with  i  c.c.  H2SO4,  Cool  and  bring  the  solution  to  the 
original  volume  (50  c.c.)  by  adding  water.  Again  determine  its 
reducing  power  by  Fehling's  solution.  If  a;  =  c.c.  of  maltose 
solution  necessary  to  reduce  10  c.c.  of  Fehling's  solution,  then 
as  the  respective  reducing  powers  of  glucose  and  maltose  are 

as  2  :  3  —  =  c.c.  of  dextrose  solution   necessary  for  the  same 

purpose.    As  10  c.c.  of  Fehling  correspond  to  0-05  grm.  dextrose, 
the  strength  of  the  maltose  solution  can  easily  be  calculated. 

III.  Lactose  (Milk-Sugar),  C12H22O1J  +  HgO,  is  a  reducing 
sugar,  but  is  not  directly  fermented  by  yeast  (see  "  Milk"). 

(as)  Note  its  whiteness  and  hardness.  It  is  not  so  sweet  as 
cane-sugar.     Microscopically  it  occurs  in  rhombic  prisms  (fig.  7). 

(6)  It  is  less  soluble  in  water  (6  cold,  2  J  boiling)  than  cane-  or 
grape-sugar,  and  insoluble  in  alcohol. 

(0)  Heat  its  solution  with  HjSO^  =  chars  slowly. 

(d)  "Trommer's  test  =  reduction  (like  dextrose). 

(«)  Fehling's  solution  =  reduction  (like  dextrose),  but  it 
requires  10  parts  of  lactose  to  reduce  the  amount  of  Fehling's 
solution  that  is  reduced  by  7  of  dextrose — i.e.,  only  about  two- 
thirds  as  strong  as  dextrose. 

(/)  Barfoed's  reagent  is  woi  reduced. 

(g)  It  is  prgpipitated  from  its  saturated  watery  solution  by  absolute 
alcohol. 
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Qi)  Phenyl-hydrazine  test  (fig.  8)  yields  phenyl-laotosazone 
(Oj^HgjN^Og),  but  the  solution  must  be  boiled  for  a  long  time. 


Fig.  7. — Crystals  of  Lactose. 


Kg.  8.— Crystals  of  Phenjl-lactosazone,  x  izo. 


III.  POLYSACCHARIDES. 

I.  Starch  (C5Hjq05)„.- — The  n  is  not  less  than  4,  and  may  be 
10  or  20  ;  indeed,  some  place  the  formula  at  200  {Gi^^o^ial- 
Starch  is  one  of  the  most  widely  distributed  substances  in  plants, 
where  it  occurs  either  {a)  as  a  direct  or  indirect  product  of  the ' 
assimilation  of  COj  in  the  leaves  of  the  plant,  or  (6)  as  reserve 
material  in  the  roots,  seeds,  or  shoots. 

1.  (a)  Examine  (with  microscope)  potato  starch ;  note  that  each  starch- 
granule  shows  an  eccentric  hilum  with  concentric  markings  (oyster-shell) 
(fig.  9).  Add  a  dilute  solution  of  iodine.  Each  granule  becomes  blue, 
wMle  the  concentric  markings  become  more  distinct.     (Iodide  of  starch. ) 


Tig.  9.— Potato  Starch. 

(6)  Compare  the  miorosoopieal  characters  of  other  starches— e. 3.,  rice, 
arrowroot,  &o. 

(c)  Examine  starch  granules  with  a  polarisation  microscope.     With 
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crossed  Niool's,  when  the  field  is  dark,  each  granule  shows  a  dark  cross  on 
a  white  refractive  ground  (fig.  lo).  They  are  doubly  refractive.  If  a  plate 
of  mica  be  placed  on  the  stage  of  the  microscope  under  the  starch  grains, 
the  latter,  with  polarised  light,  exhibit  interference  colours. 

(d)  Squeeze  dry  starch  powder  between  the  thumb  and  forefinger,  and 
note  the  peculiar  crepitation  sound  and  feeling. 

2.  Solution  of  starch  mucilage. — Kub  up 
I  grm.  starph  in  a  mortar.  Pour  the  mix- 
ture into  50  c.c.  boiling  water.  Boil,  cool 
=  solution  of  starch — i.e.,  an  opalescent, 
but  not  perfect,  solution. 

(05)  Shake  dry   starch   with   cold  water, 
rig.  10.— Potato  starch    It  is  insoluble.     Filter,  and  test  the  filtrate 

ranu^es.  with  iodine.     It  gives  no  blue  colour. 

View  in  polarised  light         (b)  Boil  starch  with   water  =  opalescent 

with  crossed  Nicol's,  /'.  t.-  t.      r      ±.  j.  t 

X  300.  solution,  which   11   strong  sets  on  cooling 

=  starch  paste  or  mucilage. 

(c)  Add  iodine  solution  =  a  blue  colour,  which  disappears  on 
heating  (iodide  of  starch  is  dissociated  by  heat)  and  reappears 
on  cooling — provided  it  has  not  been  boiled  too  long.  Cool  the 
test-tube  with  cold  tap  water. 

(d)  Make  the  starch  solution  alkaline  (  +  NaHO  solution). 
Add  iodine  =  no  blue  colour. 

(e)  Acidify  with  a  dilute  acid,  then  add  iodine  =  blue  colour. 
(/)  Starch  does  not  give  Trommer's  or  Fehling's  test. 

(g)  Tannic  acid  =  precipitate,  which  dissolves  on  heating. 
(A)  Starch  or  its  iodide  is  precipitated  by  some  neutral  salts 
— e.g.,  AmgSO^.     (See  Lesson  III.) 

(i)  Place  strong  starch  solution  in  a  dialyser  or  parchment  tube  in 
*       distilled  water.     Suspend  either  for  some  time,  and  test  the  diffasate  for 
starch.     Kesult  negative.     Starch  is  a  colloid. 

3.  Conversion  of  starch  into  glucose. — Boil  starch  solution 
with  a  few  drops  of  20  p.c.  HgSO^  until  the  fluid  is  clear. 
Neutralise  with  NagCOg  ;  test  for  glucose.  A  large  number  of 
intermediate  products  are  formed  (see  "  Saliva  ").     They  are — 

Soluble  starch  (a'miduUn  or  amylodeitrin)',  /  ^'^"'^  '*"*^  'o"^^- 

Varieties  of /Erythrodextrin,    .         .         .     Iodine  gives  violet  and  red. 
Dextrin    \  Achroodextrin,  ■    .        .         .     No  reaction  with  iodine. 

Maltose, /  Fehling's  solution  reduced. 

t  Barfoed  s  not. 
Dextrose, Both  are  reduced. 
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4.  Hydration  of  starch. — Successive  stages  in  the  hydration  of 
starch  by  the  action  of  any  of  the  following  processes  : — Acids, 
heating  water  under  pressure,  enzymes  or  ferments  (after  Novy). 


Substance. 

Iodine. 

Eehling. 

Barfoed. 

Taste. 

Starch,      . 

blue. 

0 

0 

Tasteless. 

Soluble  starch, 

0 

0 

Erythrodextrin, 

red. 

+  very  slight. 

0 

a 

Aohroodextrin, 

0 

+  slight. 

0 

Maltodextrin,   . 

0 

0 

0 

Sweetish. 

leomaltose. 

0 

+ 

0 

Sweet. 

Maltose,   . 

0 

+ 

0 

Dextrose,  . 

0 

+ 

+ 

9i 

II,  Dextrin  (British  Gum)  (OjHiqOj)  is  an  intermediate  pro- 
duct in  the  hydration  of  starch.  There  are  several  varieties — 
e.ff.,  erythrodextrin,  -which  gives  a  red  colour  with  iodine;  and 
achroodextrin,  -which  gives  no  colour  with  iodine  solution  (see 
"  Saliva  ").  Commercial  dextrin  is  made  by  heating  dry  starch 
to  200°  C. 

Note  its  fawn-colour.  It  is  gummy  and  amorphous.  Smell  it. 
Dissolve  some  in  boiling  -water ;  the  solution  is  not  opalescent. 

(a)  Add  iodine  solution  =  reddish-brown  colour,  which  dis- 
appears on  heating  and  returns  on  cooling.  Make  a  control 
test  with  water. 

(6)  Make  it  alkaline  by  NaHO.  No  red-brown  colour  with 
iodine.     Acidify  and  the  reddish-brown  colour  appears. 

(c)  Alcohol  =  precipitate. 

(d)  Tannic  acid  =  no  precipitate  (distinction  from  starch, 
gelatin,  albumin). 

(e)  Not  precipitated  by  basic  lead  acetate  alone  (unlike 
glycogen).  ,  ,      .    ,     , 

(/)  Precipitation  occurs  on  adding  ammonia  and  basic  lead 
acetate.  The  ammonia  gives  a  white  precipitate  with  lead 
acetate,  which  carries  down  dextrin. 

(g)  Saturate  the  solution  or  the  iodide  with  AmjSO^  =  pre- 
cipitate. 

III.  Glycogen  or  Animal  Starch  nlC^H-^fi^). — Prepare  a  solu- 
tion (see  "  Liver  "). 

(a)  The  solution  is  opalesoeni  (unlike  dextrin) ;    add  iodine 
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solution  =  red-brown  or  port-wine  red  colour.  As  in  the  dextrin 
test,  use  a  control  test.  Take  two  test-tubes,  one  with  water 
and  the  other  with  glycogen;  add  I.,  and  compare  the  difference 
in  colour.  The  colour  disappears  on  heating  and  reappears  on 
cooling.  It  also  disappears  on  the  addition  of  alkalies,  which 
break  up  the  feeble  compound. 

(6)  Trommer's  test  =  a  blue  solution,  boil  =  no  reduction. 

(c)  Add  basic  lead  acetate  (boil  plumbic  acetate  with  litharge 
for  lo  minutes,  and  filter)  =  a  jirecipitate  (unlike  dextrin). 

(d)  Add  ammonia  and  basic  lead  acetate  =  a  precipitate. 

(e)  Boil  with  dilute  HOI  =  a  reducing  sugar.  Neutralise  with 
dilute  NaHO,  and  test  with  Fehling's  solution  for  dextrose. 

(/)  The  solution  is  precipitated  by  alcohol  (2  parts  absolute 
alcohol  to  I  part  of  the  solution). 

(g)  Saturate  the  solution  or  iodide  with  AmjSO^  =  flocculent 
precipitate. 

(A)  Heated  with  potash  or  acetic  acid  the  opaleacenoe  dimiaishes,  and 
the  solution  becomes  clear. 

(i)  It  does  not  reduce  Barfoed's  reagent. 

Precipitation  of  carbohydrates  by  neutral  salts. — The  ordinary 
crystalline  carbohydrates  are  not  precipitated  by  these  salts, 
hut  the  colloid  varieties  are  precipitated  quite  as  easily  as 
proteids.* 

(o)  Starch  paste,  soluble  starch,  and  glycogen  are  precipitated 
by  saturation  with  AmjSO^  or  MgSO^,  but  not  by  NaCl. 

(6)  The  corresponding  soluble  iodide  compounds  are,  as  a  rule, 
more  readily  precipitated. 

As  saturation  of  a  glycogen  solution  with  AmjSO^  or  MgSO^ 
precipitates  all  the  glycogen,  it  can  thus  be  distinguished  from 
ery  thro  dextrin,  which  is  not  so  precipitated. 


Additional  Exercises. 

1.  Preparation  of  maltose.— Make  potato-starch  paste  (i  :  10  water) ; 
digest  with  a  filtered  extract  of  low-dried  malt  (200  grms.  to  i  litre  of 
water)  for  an  hour  at  57°  to  60°  C. ,  filter,  evaporate,  precipitate  the  dextrin 
with  alcohol,  concentrate  the  filtrate  to  a  syrup,  and  allow  the  maltose 
to  crystallise. 

2.  Preparation  of  lactose  {Ci^S^Ou  H-  HjO).— Acidulate  milk  with 
acetic  acid  =  precipitate  of  caseinogen  and  fat ;  filter ;  boil  filtrate  to  pre- 
cipitate albumin,  and  filter  again ;  evaporate  the  filtrate  to  small  bulk ; 
Bet  aside  to  orystaUise. 

*  Young,  Journ.  of  Phys.,  xxii.,  401,  1898. 
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Milk-sugar  is  soluble  in  6  parts  of  cold  and  24  parts  of  hot  water,  but  not 
in  alcohol. 

3.  Dextrin  from  starch. — Make  10  grms.  of  starch  into  a  paste  with  20 
o.c.  of  water,  add  30  o.c.  of  a  20  p.c,  solution  of  H2SO4.  Mix  and  heat  in 
a  water-bath  at  go°  C.  Cool  and  precipitate  the  dextrin  by  alcohol. 
Collect  the  white  deposit,  wash  with  alcohol,  and  dry  it. 

4.  Invert-sugar — a  mixture  of  grape-sugar  and  fruit-sugar — is  widely 
distributed  throughout  the  vegetable  kingdom,  and  is  so  called  because  it 
rotates  the  plane  of  polarised  light  to  the  left,  the  specific  rotatory  power  of 
the  laevulose  being  greater  than  that  of  dextrose  at  ordinary  temperatures. 

5.  Cellulose,  (CjHmOgjm,  is  a  polysaccharide,  and  occurs  in  the  tissues  of 
the  higher  plants,  where  it  forms  the  walls  of  cells,  and  the  great  mass  of 
the  hard  parts  of  wood.     Cotton- wool  may  be  used  to  test  its  reactions. 

(a)  Insoluble  in  water  and  all  the  feebler  solvents. 

(6)  Soluble  in  Schweitzer's  reagent,  or  a  solution  of  ammouio-cupric 
oxide.  Dissolve  slips  of  copper  in  ammonia  in  an  open  flask,  or  dis- 
solve precipitated  hydrated  oxide  of  copper  in  20  p.c.  ammonia.  The 
former  is  prepared  by  precipitating  a  solution  of  sulphate  of  copper  by  soda 
in  the  presence  of  ammonium, chloride. 

(c)  Soluble  in  concentrated  acids,  and  a  gelatinous  precipitate — called 
amyloid — falls  on  the  addition  of  water.  The  substance  precipitated  gives 
a  blue  colour  with  iodine.     It  is  also  soluble  in  zinc  chloride. 

[d)  Gives  a  blue  colour  with  H2SO4  and  iodine,  but  not  with  the  latter 
alone. 

Polarimeters — Ciroumpolariaation. — Certain  substances  when  dissolved 
possess  the  power  of  rotating  the  plane  of  polarised  light — e.g.,  the 
proteids,  sugars,  &c.  The  extent  of  the  rotation  depends  on  the  amount 
of  the  active  substance  in  solution.  The  direction  of  rotation— i.  e. ,  to  the 
right  or  the  left — is  constant  for  each  active  substance.  Light  of  the  same 
wave-length  must  be  used.  The  light  obtained  from  the  volatilisation  of 
common  salt  or  borax  is  used. 

The  term  "specific  rotatory  power,"  or  "specific  rotation"  of  a  sub- 
stance, is  used  to  indicate  the  amount  of  rotation  expressed  in  degrees  of 
the  plane  of  polarised  light  which  is  produced  by  I  grm.  of  the  substance 
dissolved  in  i  c.c.  of  liquid,  when  examined  in  a  layer  i  decimetre  thick. 

Those  substances  which  cause  specific  rotation  are  spoken  of  as  "  optically 
active;",  those  which  do  not,  as  "  iruictive." 

If  a  =  the  observed  rotation  ; 
p  =  the  weight  in  grms.  of  the  active  substance  contained  in  i  c.c.  of 

liquid ; 
I  =  the  length  of  the  tube  in  decimetres  ; 
(a)D  =  the  specific  rotation  for  light  corresponding  to  the  light  of  a 
sodium  flame ; 
then  ,  ,         ,0 

(«)d  =  ±-i 

The  sign  -I-  or  -  indicates  that  the  substance  is  dextro-  or  Isevo-rotatory. 
Various  instruments  are  employed.     Use 
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•Laurent's  Polarimeter,  which  is  a  so-called  "  half-shadow  polarimeter." 
It  IS  used  ma  dark  room  (fig.  II). 


Kg.  II.— Laurent's  Half-Shadow  Polarimeter. 

SpeGific  Eotatory  Power  of  Dextrose. 

^*'  ^u\Z^^  °^  J*^®  decimetre  tubes  with  distilled  water,  taking  care  that 
no  air-bubbles  get  m.  blip  on  the  gla^s  disc  horizontally,  anZcrew  the 
brass  cap  on  the  tube,  takmg  care  not  to  do  so  too  tightly?^    Place  thrtube 

(6)  Place  common  salt  (or  fused  common  salt  and  sodium  carbonate)  in 
the  platinum  spoon  (A),  and  light  the  Bunsen's  lamp,  so  that  the  wda  U 
volatilised  If  a  platinum  spoon  is  not  available,  tie  several  platinum  wfres 
together,  dip  them  mto  sightly  moistened  common  salt.  In  the  nTwer 
form  of  the  instrument  there  are  two  Bunsen  burners,  placed  the Tne 
•behind  the  other,  which  give  more  light. 

(c)  Bring  the  zero  of  the  vernier  to  coincide  with  that  of  the  scale.     On 
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looking  through  the  eye-piece  (0),  and  focussing  the  vertical  line  dividing 
the  field  vertically  into  two  halves,  the  two  halves  of  the  field  should  have 
the  same  intensity  when  the  scale  reads  zero.  If  this  is  not  the  case,  then 
adjust  the  prisms  until  it  is  so  by  means  of  the  milled  head  placed  for  that 
purpose  behind  the  index  dial  and  above  the  telescope  tube.  It  is  well  to 
work  with  the  field  not  too  brightly  illuminated. 

(rf)  Remove  the  water-tube,  and  substitute  for  it  a  similar  tube  containing 
the  solution  of  the  substance  to  be  examined — e.g. ,  a  perfectly  clear  solution 
of  pure  dextrose.  Place  the  tube  in  position,  and  proceed  as  before.  The 
two  halves  of  the  field  are  now  of  unequal  intensity.  Rotate  the  eye-piece 
until  equality  is  obtained. 

(e)  Repeat  the  process  several  times,  and  take  the  mean  of  the  readings. 
The  difference  between  this  reading  and  the  first  at  (c),  when  the  tube  was 
filled  witlu  distilled  water — i.e.,  zero  =  is  the  rotation  due  to  the  dextrose 
=  a. 

if)  Place  lo  o.c.  of  the  dextrose  solution  in  a  weighed  capsule,  evaporate 
to  dryness  over  a  water-bath,  let  the  capsule  cool  in  a  desiccator,  and  weigh 
again.  The  increase  in  weight  gives  the  amount  of  dextrose  in  lo  c.c.  ;  so 
that  the  amount  in  I  c.c.  is  got  at  once  =  p. 

{g)  Calculate  the  specific  rotatory  power  by  the  above  formula  (about 

+  53°)-        .        ■ 

For  practice,  begin  with  a  solution  of  dextrose  containing  1 1  grms.  per 
100  c.  c.  of  water.  Make  several  readings  of  the  amount  of  rotation,  and 
take  the  mean. 

Example. — In  this  case,  the  mean  of  the  readings  was  ii'6°. 

"■6° 

{»)„  =  =  53°. 

'      °  11   X  2  ^•^ 

Repeat  the  process  with  a  4  and  2  p.c.  solution.  It  is  necessary  to  be 
able  to  read  to  2  minutes,  but  considerable  practice  is  required  to  enable 
one  to  detect  when  the  two  halves  of  the  field  have  exactly  the  same  inten- 
sity. 

Test  the  rotatory  power  of  corresponding  solutions  of  cane-sugar,  and 
any  other  sugar  you  please. 

Test  also  the  rotatory  power  of  a  proteid  solution. 

The  following  indicate  the  S.R.  for  yellow  light : — 

Protelds. — Egg-albumin  -  35  5°;  serum-albumin  -  56°;  syntonin  -  72°; 
alkaU-albumin  prepared  from  serum-albumin  -  86°,  when  prepared  from 
egg-albumin  -  47°. 

Carbohydrates. — Glucose  +  56°;  njaltose  +  150°;  lactose  -I-  S2'5°. 

N.B. — A  complication  may  arise  in  connection  with  carbohydrates,  as 
the  S  R.  is  sometimes  much  altered  by  the  temperature  ;  thus  the  S.R.  of 
IsBvulose,  when  heated  from  20°  to  90°  C. ,  falls  in  the  proportion  of  3  :  2. 
It  is  best,  therefore,  to  work  at  a  constant  temperature,  say  20°  C.  Again, 
some  solutions  have  not  the  same  S.R.  when  they  are  first  dissolved  that 
they  have  24  hours  afterwards.  This  is  called  birotation,  and  it  is  therefore 
well  to  use  the  solution  24  hours  after  it  is  made. 
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LESSON   IV. 
PATS— BONE— EXERCISES    ON    THE   FOREGOING. 

NEUTRAL  iPATS. 

Fat  occurs  in  adipose  tissue  ;  also  in  considerable  quantity  in 
the  yellow  marrow  of  bones,  and  in  milk,  and  in  small  quantity 
in  many  animal  cells.  The  fats  of  adipose  tissue  consist  of  a 
mixture  of  the  neutral  fats  stearin,  palmitin,  and  olein,  the  former 
two  being  solid  at  ordinary  temperatures,  while  olein  is  fluid. 
It  keeps  the  other  two  in  solution  at  the  temperature  of  the 
body  (37°  C).  The  fats  differ  amongst  themselves  in  constitu- 
tion, solubility,  and  melting  point;  stearin  melting  at  53°  to  66°, 
palmitin  at  45°,  and  olein  at  -  5°  0. 

Neutral  fats  are  derivatives  of  the  triatomic  alcohol  glycerin, 
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and  are  glycerides  or  compound  ethers  of  palmitin,  stearin,  and 
olein,  in  which  three  of  the  hydrogen  atoms  of  the  glycerin  are 
replaced  by  as  many  equivalents  of  the  acid  radical. 

I.  Beactions. — (a)  Lighter  than  water;  S.G.,  -91  to  -94. 

(6)  Almond  or  olive  oil  or  lard  are  soluble  in  ether,  chloroform, 
and  hot  alcohol,  but  insoluble  in  water. 

(c)  Dissolve  fat  in  ether.  Let  a  drop  of  the  solution  fall  on 
paper,  e.g.,  cigarette  (not  filter)  paper  =  a  greasy  stain,  which 
does  not  disappear  with  strong  heat. 

(d)  To  olive  oil  or  suet  add  KHO,  and  boil.  Stearin  is  present 
in  the  suet  and  is  glycerin-'stearate,  while  olein  in  olive  oil  is 
glycerin-oleate.  When  stearin  is  boiled  with  a  caustic  alkali — 
e.g.,  potash — a  potassic  stearate  or  soap  is  formed,  and  glycerin  is 
set  free.     This  is  the  process  of  saponification. 

Tri-stearin.  Potash.  Potassic  stearate  Glycerin. 

(Soap). 
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(e)  Heat  lard  and  NaHO  solution  in  a  capsule  to  form  a  soap  ;  decompose 
the  latter  by  heating  it  with  dilute  H2SO4 ;  the  liberated  fatty  acids  float 
on  the  top. 

(/)  Proceed  as  in  {d),  and  add  to  the  soap  solution  crystals  of  sodium 
chloride  until  the  soaps  separate. 

{g)  Dissolve  by  gentle  heat  in  a  water-bath  a  piece  of  fat — e.g. ,  suet  or 
lard — size  of  a  pea,  in  5  c.  c.  of  a  mixture  of  equal  parts  of  ether  and  alcohol. 
Cool,  and  examine  microscopically  the  crystals  which  separate  out.  Sketch 
them.     Note  in  which  the  crystals  separate  more  rapidly. 

{h)  Dissolve  suet  in  5  c.  0.  alcohol.  Test  the  reaction  with  blue  litmus 
paper,  or,  better,  add  a  drop  of  alcoholic  solution  of  rosolio  acid  =  yellow 
colour,  indicating  an  acid  reaction  due  to  a  free  fatty  acid.  Why  ?  Fats 
become  rancid  on  standing,  due  to  liberation  of  free  fatty  acids. 

(j)  To  a  few  c.c.  alcohol  add  a  few  drops  -04  p.c.  NaHO,  then  rosolic 
acid  or  phenolphthalein  solution  to  give  a  red  colour.  Fresh  fat  dissolved 
in  ether  added  gives  no  change  in  colour,  so  that  fresh  fat  is  neutral  in 
reaction. 

(j)  Shake  oil  containing  a  fatty  acid — e.g.,  De  Jongh's  cod-liver 
oil — with  a  few  drops  of  a  dilute  solution  of  sodium  carbonate, 
The  whole  mass  becomes  white  =  emulsion.  Examine  it  micro- 
scopically, and  compare  it  with  milk,  which  is  a  typical  emulsion. 

In  a  perfect  emulsion  of  oil  the  particles  are  broken  up  into 
finer  particles,  which  do  not  run  together  again. 

(A)  Shake  up  olive  oil  with  a  (i.)  solution  of  albumin  in  a  test- 
tube  =  an  emulsion.  Examine  it  microscopically,  (ii.)  i  p.c. 
sodium  carbonate,  (iii.)  alkali-albumin,  (iv.)  acid-albumin.  Test 
how  long,  hours  or  days,  each  emulsion  lasts.  It  will  be  found 
that  alkali-albumin  is  the  most  potent  in  conserving  the  emul- 
sion (Moore  and  Krumbholz,  Joum.  of  Phys.,  1898). 

(I)  Gad's  emulsion  experiment. — 
Place  in  a  watch-glass  a  solution  of 
sodium  carbonate  ('25  p.c),  and  on  the 
latter  a  drop  of  rancid  oil.  The  drop 
comes  to  rest,  but  soon  the  oil  drop 
shows  a  white  rim,  and  at  the  same 
time  a  white  milky  opacity  extends 
over  the  spda  solution.  With  the 
microscope,  note  the  lively  movement 
in  the  neighbourhood  of  the  fat  droplet, 
due  to  the  separation  of  minute  par- 
ticles of  oil.  The  white  fluid  is  a  fine 
and  uniform  emulsion  (fig.  12).  This 
experiment  has  an  important  bearing 

on  the  formation  of  an  emulsion  in  the    ^^^^^^^^^^^^^^^^^^^ 
intestine  in  connection  with  the  pancre-  j.jg   „.-Gad'B  Experiment.3 

atic  digestion  of  fats.  '  %^ 

(m)  Eanvier's  emulsion  experiment. — To  a  drop  of  lymph  taken  from 
the  peritoneal  cavity  of  a  frog,  add  a  drop  of  olive  oil.     On  examining  with 

3 
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a  microscope  where  the  two  fluids  come  into  contact,  one  sees  the  process 
of  emulsification  due  to  the  formation  of  fine  particles  of  oil  like  the 
molecular  basis  of  chyle  (Compto  rereiiiss,  1894).     Lesson  X.  5  (d). 

(m)  Heat  (one  hour)  in  a  porcelain  capsule  lard  mixed  with  plumbic  oxide 
and  a  little  water.     The  fat  is  split  up,  yielding  glycerin  and  a  lead-soap. 

BONE. 

2.  Roughly  the  solids  of  bone  consist  of  one-third  organic 
and  two-thirds  inorganic  or  mineral  matter.  The  chief  salts 
of  the  latter  are  calcium  phosphate  (84  p.c.)  and  calcium  car- 
bonate' (13  p.c),  with  smaller  quantities  of  other  salts. 

(A)  Organic  basis — (a)  Decalcify  bone. — Place  a  small  bone  in 
dilute  HCl  (1:8)  for  a  few  days.  Its  mineral  matter  is  dissolved 
out;  it  retains  its  original  form,  loses  its  rigidity,  and  becomes 
pliable  and  so  soft  that  it  can  be  cut  with  a  knife.  What 
remains  is  the  organic  matrix  or  ossein.  Keep  the  solution 
obtained. 

(&)  Wash  the  decalcified  bone  thoroughly  with  water,  then  with  solu- 
tion of  Na^COj  and  again  with  water.  Boil  in  water ;  it  yields  gelatin. 
Neutralise  with  NajCOs.  The  solution  gelatinises.  Test  the  solution  for 
gelatin  (Lesson  11.  1). 

(B)  Mineral  matter  in  bone. — (a)  Examine  the  successive  stages 
produced  by  incinerating  a  bone  in  a  clear  fire.  At  first  the 
bone  is  black  from  the  carbon  of  its  organic  matter,  but  ulti- 
mately it  is  a  white  brittle  calcined  bone,  having  the  form  of 
the  original  bone.  Powder  some  of  the  white  boi^e-ash.  If 
incineration  be  carried  out  without  free  access  of  air,  a  black 
mass  of  ariimal  charcoal  or  "  bone-black  "  remains. 

(6)  Dissolve  bone-ash  in  HCl  or  HNO3  ;  bubbles  of  gas  (OOj) 
are  given  off,  indicating  the  presence  of  a  carbonate.  Dilute  the 
solution,  add  excess  of  ammonia  =  a  white  precipitate  of  phos- 
phate of  lime  and  phosphate  of  magnesia. 

(c)  Filter,  and  to  the  filtrate  add  ammonium  oxalate  =  a  white 
precipitate  of  oxalate  of  lime,  showing  that  there  is  lime  present, 
but  not  as  a  phosphate. 

(d)  To  the  solution  of  mineral  matters  2  (A)  (a)  add  sodium 
acetate  until  free  acetic  acid  is  present  (smell) ;  add  ammonium 
oxalate  =  a  copious  white  precipitate  of  lime  salts. 

(e)  Use  solution  of  mineral  matters  obtained  in  2  (A)  (a).  Add  NH4HO 
to  alkaliility  =  copious  precipitate ;  add  acetic  acid,  which  dissolves  all 
except  a  small  flocculent  residue  of  phosphate  of  iron  (perhaps  in  part 
derived  from  the  blood  of  bone).  Filter ;  use  a  part  to  test  for  phosphoric 
acid  and  the  rest  for  calcium  and  magnesium  (Filtrate  A). 
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(i.)  The  undissolved  floooulent  precipitate  is  washed  ami  dissolved  in 
a  few  o.  c.  dilute  HCI.  Test  for  iron  oxide  by  f errooyanide  of  potassium 
(  =  blue),  and  phosphoric  acid  by  molybdate  of  ammonium  (see  "  Urine"). 

(ii. )  With  the  filtrate  A  test  for  phosphoric  acid  by  uranium  acetate  = 
yellowish-white  precipitate  of  uranium  phosphate,  (Ur02)HP04. 

(iii. )  Calcium,  by  ammonium  oxalate  =  CajCaOj  +  H2O.  Filter,  and 
when  the  filtrate  is  clear  and  gives  no  precipitate  with  ammonium  oxalate, 
make  it  alkaline  with  JSH4HO  =  after  a  time  crystalline  precipitate  of 
ammonio-magnesium  phosphate,  MgNH4P04  +  6H3O,  showing  presence  of 
magnesium. 

(/)  Bone-bla^k. — Heat  a  light  blue  solution  of  indigo  with  bone-black 
and  filter.  The  filtrate  will  be  clear,  showing  the  great  absorptive  power 
of  bone-black  for  colouring  matter.     (See  "  Urine.") 

EXAMINATION  OF  A  SOLUTION  FOR  PROTEIDS 
AND  CARBOHYDRATES. 

I.  Appearance. 

(a)  Note  and.  record  transparency,  opacity,  or  viscidity.  Gly- 
cogen solution  is  opalescent ;  starch  and  some  proteid  solutions 
less  so. 

(6)  Taste.  Salt  solution  may  contain  globulin.  A  sweet  taste 
indicates  a  sugar. 

(c)  Smell.  The  beef-tea  odour  of  albumose  and  peptone  solu- 
tion, and  the  smell  of  dextrin  are  characteristic. 

(d)  Reaction  to  litmus  j)aper. 

(e)  Other  characters.  Thus  a  persistent  froth  is  suggestive  of 
an  albuminous  solution. 

[Concentrate  a  portion.  Let  some  evaporate  nearly  to  dry- 
ness, but  complete  the  evaporation  on  a  water-bath.] 

II.  Test  for  proteids  by  xanthoproteic,  Millon's,  and  Piot- 
rowski's  tests.  Do  not  depend  on  a  single  test.  Always  u^e, 
if  possible,  confirmatory  tests.  If  a  yellow  colouration  instead 
of  a  precipitate  is  obtained,  suspect  gelatin  or  pure  peptone. 
Confirm  by  other  tests.     If  proteids  are  present : 

1.  Test  reaction  to  litmus  paper.  If  acid  or  alkaline,  test  for 
acid-  or  alkali- albumin,  and  if  either  is  present,  neutralise  with 
weak  NajCOg  or  i  p.c.  acetic  acid  and  filter  ofi'  precipitate.  Test 
filtrate  for  proteoses  and  peptones  as  in  4  and  5. 

2.  If  original  solution  is  neutral,  acidulate  faintly  and  boil. 
A  coagulum  may  consist  of  native  albumin  or  globulin,  or 
both.  Filter;  and  test  filtrate  for  proteoses  and  peptones  as 
in  4  and  5. 

3.  Distinguish  between  albumio  and  globulin  by  (a)  dropping 
solution  into  water,  precipitate  indicates  globulin,  (6)  saturating 
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solution  with  MgSO^,  precipitate  =  globulin,  but  may  also  contain 
proto-  and  hetero-albumose.  If  precipitate  obtained  by  (b),  filter 
and  boil  filtrate,  coagulum  =  native  albnmin.  Distinguish  between 
egg-  and  serum-albumin  by  ether  test. 

4.  Add  excess  of  NaHO,  then  very  dilute  OuSO^,  pink  colour 
indicates  proteoses  or  peptones,  or  both. 

5.  Separate  proteoses  from  peptones  by  saturating  solution 
with  AmjSO^.  Precipitate  =  proteoses.  Filter ;  and  to  filtrate 
add  large  excess  of  solution  of  NaHO,  then  dilute  OUSO4.  Pink 
colour  indicates  peptones. 

[6.  Gelatin  (albuminoid)  gives  xanthoproteic  (modified)  and 
Millon's  reactions,  gives  a  violet  colour  with  NaHO  and  CuSO^, 
is  not  coagulated  by  boiling,  and  is  not  precipitated  by  acetic 
acid  and  potassium  ferrocyanide.] 

III.  Test  for  Carbohydrates.  First  remove  derived  albumins 
by  neutralising  and  filtering,  and  native  albumin  and  globulin 
by  boiling  and  filtering. 

1.  Acidulate  if  necessary  and  add  iodine. 

(a)  Blue  colour,  disappearing  on  heating  and  returning  on 
cooling,  indicates  starch. 

(b)  Mahogany -brown  colour,  disappearing  on  heating  and 
returning  on  cooling,  indicates  glycogen  or  dextrin.  Add  basic 
lead  acetate,  precipitate  (if  proteids  are  absent)  =  glycogen. 

2.  Test  for  reducing  sugar  by  Trommer's  test.  If  present,  dis- 
tinguish glucose,  maltose,  and  lactose  by  the  phenyl-hydrazine 
test,  and  use  Barfoed's  reagent. 

3.  If  no  starch,  dextrin,  glycogen,  or  reducing  sugar,  examine 
for  cane-sugar  by  inversion  test. 

Record  your  results  as  follows  : — 


ExperiTnent. 

Observation. 

Resvlt  and  Inference. 

, 
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LESSON   V. 

BLOOD— COAGULATIOlf— ITS  PROTEIDS. 

Blood  contains  about  77  p.c.  of  water  and  23  of  solids.  Of  the 
latter  haemoglobin  is  about  14  p.c,  proteids  7  to  8,  salts  I'S,  and 
extractives — e.g.,  sugar  o-i,  and  urea  0-2  p.c. 

1.  Beaction. — Constrict  the  base  of  the  middle  finger  by  means 
of  a  handkerchief.  When  the  finger  is  congested,  with  a  clean 
sewing  needle  or  triangular  saddler's  needle  prick  the  skin  at 
the  root  of  the  nail.  Or  prick  the  lobe  of  the  ear.  Touch  the 
blood  with  a  strip  of  dry,  smooth,  glazed,  neutral  litmus  paper. 
After  15  seconds  wash  off  the  blood  with  distilled  water,  when 
a  blue  spot  upon  a  red  or  violet  ground  will  be  seen,  indicating 
an  alkaline  reaction,  due  chiefly  to  NajHPO^  and  sodium 
carbonate. 

2.  Coloar, — Arterial  is  scarlet,  and  venous  dark  crimson  or 
purplish. 

3.  Opacity. — (a)  Try  to  read  print  through  a  thin  layer  of 
defibrinated  blood  on  a  glass  slide. 

(6)  Transparent  or  laky  blood, — Place  5  c.c.  defibrinated  blood 
in  each  of  three  test-tubes,  A,  B,  and  C  (A  for  comparison). 
To  B  add  5  vols,  water,  and  warm  slightly.  Note  the  change  of 
colour  by  reflected  and  transmitted  light.  By  reflected  light  it 
is  darker,  but  by  transmitted  light  it  is  transparent.  Test  this 
by  looking  at  printed  matter.  To  0  add  solution  of  sodium 
taurocholate  or  bile.     Test  the  transparency. 

4.  Speciflo  gravity  of  blood. — (o)  A  number  of  solutions  of  sulphate 
of  soda,  varying  in  S.G.  from  I  "035  to  I '070  are  ready.  At  least  twenty- 
separate  solutions  are  required,  each  with  a  definite  S.G.,  or  use  a  series  of 
stock  standard  solutions  {S.S. )  of  glycerin  and  water  with  S.G.  varying  from 
1035  to  1070  by  diflferenoe  of  j  degrees  ^Roy,  Lloyd  Jones).  The  average 
in  health  is  about  1055  to  1060.  Pour  a  small  quantity  of  each  of  the 
solutions  into  glass  thimbles.  A  thin  glass  tube  is  drawn  out  in  a  gas- 
flame  to  form  a  capillary  tube,  which  is  bent  at  a  right  angle,  and  closed 
above  with  a  small  caoutchouc  cap.  A  drop  of  blood  is  obtained  from  a 
finger,  and  by  pressing  lightly  on  the  caoutchouc  cap  a  quantity  of  the 
freshly-shed  blood  is  drawn  up  into  the  capillary  part  of  the  tube.  The 
tip  of  the  fine  capillary  tube  is  at  once  immersed  in  one  of  the  solutions  of 
sodium  sulphate,  and  a  drop  of  the  blood  expressed  into  the  saline  solution, 
and  it  is  noted  whether  it  sinks  or  floats.  The  operation  is  repeated  with 
other  solutions  until  one  is  found  in  which  the  blood  neither  sinks  nor 
floats.  The  S.G.  of  blood  varies  from  1045  to  1075,  the  average  S.G.  being 
1056  to  1059  (Joum.  oj  Phys.,  v.,  1884). 
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(6)  Other  methods. — Hammersohlag  (1892)  uses  a  mixture  of  chloro- 
form aud  benzol,  and  Haycraft  a  mixture  of  toluol  (S.G.  800)  and.  benzyl 
chloride  (S.G.  iioo)  to  obtain  a  fluid  with  S.G.  of  1070.  Label  this  A. 
Make  another  with  the  S.G.  1025.     Label  this  B. 

Method.— With  a  pipette  place  a  measured  quantity  of  A  in  a  warm 
cylindrical  glass.  Add  a  drop  of  the  blood.  It  will  float ;  now  add  B 
until  the  blood  neither  floats  nor  sinks.  Suppose  i  5  c.c.  of  B  has  been 
added  to  i  c.c.  of  A,  then 

I     CO.  of  A  (1070)  =  1070 
1-50.0.  of  B  (1025)  =  1537 

25  c.c.  2607 

Divide  this  by  the  total  volume  2-5  c.c.  =  1043,  the  S.G.  of  the  blood. 

5.  Action  of  a  saline  solution. — To  2  c.c  blood  in  a  test-tube 
(D)  add  5  vols,  of  10  p.c.  NaOl  solution.  It  changes  to  a  very 
bright  brick-red  colour.  Compare  colour  with  A,  B,  C.  It  is 
opaque. 

6.  Haemoglobin  does  not  dialyse. — Place,  a  watery  solution  of 
blood  in  a  dialyser  (bulb  form  or  parchment  tube),  and  suspend 
it  in  distilled  water.  Test  the  dialyser  beforehand  to  see  that 
there  are  no  holes  in  it. 

(a)  After  several  hours  no  Hb  has  passed  into  the  water. 
(6)  Test  diffusate  for  chlorides  (HNO3  +  AgNOg). 

7.  Defibrinated  blood  and  fibrin. — At  a  slaughter-house  allow 
blood  to  run  into  a  vessel ;  with  a  bundle  of  twigs  beat  or  whip 
the  blood  steadily  for  some  time.  White  fibres  of  fibrin  collect 
on  the  twigs,  while  the  blood  remains  fluid.  This  is  defibrinated 
blood,  which  does  not  coagulate  spontaneously.  Wash  away  all 
the  colouring-matter  from  the  fibrin  in  water. 

(a)  Fibrin  is  white,  fibrous,  and  elastic.  Stretch  some  fibres 
(extensibility);  on  freeing  them  they  regain  their  shape 
(elasticity). 

(6)  Add  0-2  p.c.  HCl  in  the  cold.  It  swells  up,  becomes 
transparent,  but  does  not  dissolve.  Place  the  test-tube  in  a 
water-bath  at  60°  C;  part  of  the  fibrin  is  dissolved,  forming 
acid-albumin.     Test  for  the  lattei-  (Lesson  I.  7). 

(c)  Pour  hydric  peroxide  over  fibrin  in  a  watch-glass ;  bubbles 
of  oxygen  are  given  ofi'.  Boiled  fibrin  does  not  do  so.  Is  result 
due  to  presence  of  leucocytes,  and  not  to  the  fibrin  itself? 
Place  a  flock  in  freshly-prepared  alcoholic  tincture  of  guaiacum 
(5  p.c.  resin),  and  then  in  hydric  peroxide,  when  a  blue  colour  is 
developed,  due  to  the  ozone  liberated  by  the  fibrin  striking  a 
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blue  with  the  resin.  If  the  fibrin  contains  much  water,  it  is 
preferable  to  place  it  first  of  all  for  a  short  time  in  rectified  spirit 
to  remove  the  water.  [Other  substances  give  a  blue  colour 
under  similar  conditions.] 

{d)  Place  some  fibres  in  alcohol  to  rob  them  of  water.  They  lose  their 
eUsticity. 

(e)  Fibrin  gives  the  xanthoproteic  reaction  and  Millon's  test  (Lesson  I.). 

(/)  Fibrin  is  partly  dissolved  by  the  prolonged  action  of  5  p.  c.  NaCl, 
2  p.c.  sodium  fluoride,  and  similar  neutral  salts.  Teat  the  fluid  for  proteids 
after  24  hours. 

B.  Clotting  or  coagulation  of  blood. — (a)  Decapitate  a  rat, 
and  allow  the  blood  to  flow  into  a  watch-glass  or  thimble. 
Within  a  few  minutes  the  blood  congeals,  and  when  the  vessel 
is  lilted  the  blood  no  longer  moves  as  a  fluid,  but  as  a  solid.  It 
then  coagulates  completely.  Allow  it  to  stand,  and  after  an 
hoir  or  so,  pale-yellow  coloured  drops  of  fluid — blood-serum — 
are  seen  on  the  surface,  being  squeezed  out  of  the  red  mass,  the 
latter  being  the  clot,  which  consists  of  fibrin  and  the  corpuscles. 
6)  Examine  coagulated  blood  from  the  slaughter-house — i.e., 
ths  blood  of  a  sheep  or  ox  has  been  collected  in  a  perfectly  dry 
cyindrical  vessel,  and  allowed  to  coagulate.  Place  it  on  ice  fbr 
a  day.  Observe  the  serum  and  the  clot.  Pipette  ofi'  the  pale, 
stiaw-coloured  serum,  and  note  the  red  clot,  which  has  the  shape 
of  the  vessel,  although  it  is  smaller  than  the  latter.  The  clot 
consists  of  the  new  formed  body,  fibrin,  entangling  the  blood- 
corpuscles. 

(c)  If  the  blood  of  a  horse  can  be  obtained,  study  it,  noting  that  the 
upper  layer  of  the  clot  is  paler  in  colour ;  this  is  the  huSj  coat. 

9.  Blood-serum  is  blood  plasma  minus  the  substances  that  go  to 
form  fibrin.  It  contains  two  proteid  bodies — serum-albumin 
and  serum-globulin  (or  para-globulin)— and  an  allied  substance, 
the  fibrin  ferment.  The  proteids  are  approximately  7  p.c. — i.e., 
4  p.c.  serum-aibumin  and  3  p.c.  serum-globulin. 

Pipette  off  the  serum  from  coagulated  blood.  If  a  centrifugal 
apparatus  is  available,  any  suspended  blood-corpuscles  can  easily 
be  separated  by  it  (fig.  77).  Note  its  colour  and  musky  odour. 
Ox-serum  is  yellowish-red,  human  is  yellow.  Its  reaction  alka- 
line.    S.G.  =  1028  to  1034. 

(a)  General  proteid  reactions. — Dilute  lo  c.c.  serum  to  70  c.c. 
with  water.  Usually  a  slight  cloudiness  occurs  due  to  pre- 
cipitation of  a  small  amount  of  serum-globulin. 

(6)  Test  separate  portions  by  neutralisation  and  heat  = 
coagulation ;    xanthoproteic  reaction — i.e.,'  HNO3  and  the  sub- 
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sequent  addition  of  ammonia;  acetic  acid  and  ferrocyanide  of 
potassium;  Millon's  reagent;  and  the  NaHO  and  CuSO^  reaction 
(Lesson  I.)     Alcohol  causes  precipitation.  / 

(c)  Coagulatioa  temperature. — Heat  diluted  serum  in  a  water/ 
bath  (Lesson  I.)  to  80° 0.  (thermometer  in  tube).  The  proteids  ar/ 
not  all  coagulated  (fluid  is  alkaline).  The  fluid  only  becomes 
opalescent.  Acidulate  and  heat  again ;  the  coagulation  begiis 
at  73°  or  75°  and  is  complete  about  80°,  a  clear  fluid  bein^ 
obtained.  i 

10.  Proteids  of  Serum. — A.  Serum-globulin  (or  para-globulii). 

(a)  Hammarsten's  method.  —  Saturate  serum  with  crystals 
of  MgSO^.  Serum-globulin  is  precipitated.  The  undissolved 
crystals  fall  to  the  bottom,  and  on  their  surface  is  precipitattd 
a  dense  white  flocculent  mass  of  serum-globulin.  Pilter.  Waih 
the  precipitate  on  the  filter  with  a  saturated  solution  of  MgSCL ; 
add  a  little  distilled  water  to  the  precipitate ;  it  is  dissolved,  is 
it  is  a  globulin.  The  solution  does  not  coagulate  spontaneous]^. 
It  gives  all  the  reactions  for  proteids  with  the  special  reaotioks 
of  a  globulin.  Determine  the  coagulation  temperature  of  tl  e 
dilute  MgSO^  solution  (75°  C). 

(6)  Kauder's  method. — Add  to  serum  half  its  volume  of  a 
saturated  solution  of  AmgSO^  (i.e.,  half  saturate  it)  =  seruii- 
globulin.  [Filter.  Saturate  the  filtrate  with  crystals  of  AmjS©^ 
=  precipitate  of  serum-albumin.  Filter.  Test  filtrate  flr 
proteids.     Negative  result.]  I 

This  method  enables  one  rapidly  to  separate  globulin  anj 
then  the  albumin  by  the  use  of  one  salt.  \ 

(c)  Let  a  few  drops  of  serum  fall  into  a  large  quantity  01  i^ 
distilled  water.     Observe  the  milky  cloud  =  precipitated  serum- 
globulin  (black  surface  behind). 

(d)  Saturate  with  AmgSO^.  This  precipitates  all  the  proteids, 
globulin  and  albumin.  Filter ;  the  filtrate  is  proteid-free.  Test. 
It  contains  no  peptones. 

B.  Serum-albumin. — From  10  A.,  (a)  or  (6),  filter  off  the  pre- 
cipitate, and  test  the  filtrate  for  the  usual  proteid  reactions. 
The  filtrate  still  contains  a  proteid — serum  albumin  (Lesson  I.). 
To  the  filtrate  add  NajSO^,  when  serum-albumin  is  precipi- 
tated. NagSO^  alone,  however,  gives  no  precipitate  with  pure 
serum. 

C.  Fibrin-ferment. — (a)  Add  to  blood-serum  a  large  excess  of  alcohol, 
collect  the  copious  precipitate — consisting  of  the  proteids  and  fibrin- 
ferment.     Cover  it  with  absolute  alcohol,  and  allow  it  to  stand  at  least  a 
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month,  when  the  proteids  are  rendered  insoluble.     Dry  the  precipitate  at 
35°  C,  and  afterwards  over  sulphuric  acid  (fig.  13).     Keep  it  as  a  dry 
powder  in  a  well-stoppered  bottle.     When  a  solution  is  required  extract 
some  of  the  dry  powdpr  with  100 
volumes  of  water  ;  filter.     The  fil- 
trate contains  the  ferment. 

(6)  Or  soak  washed  fibrin  in  5  p.c. 
NaCl  solution  for  some  hours  in  a 
water-bath  at  40"  C.  Strain ;  the 
filtrate  contains  fibrin-ferment. 

11.  Precipitation  of  serum  pro- 
teids by  other  salts. 

(a)  Precipitate  serum  with 
potassium  phosphate.  All  the 
proteids  are  thrown  down  after 
prolonged  shaking. 

(6)  Precipitate  serum  with  mag- 
nesium sulphate  and  sodium  sul- 
phate, or  the  double  salt  sodium 
magnesium  sulphate.  All  proteids 
are  thrown  down.  The  filtrate 
should  give  no  proteid  reactions. 
No  peptone  occurs  in  blood. 


Fig.  13. — Desiccator  for  drying  a  precipitate 
over  H2SO4. 


12,  Coagulation  temperature  of  serum-proteids.  —  Saturate 
serum  with  MgSO^.  Filter,  keep  the  filtrate,  label  it  B.  Wash 
the  precipitate — i.e.,  the  serum-globulin — with  saturated  solution 
of  MgSO^  until  the  washings  give  no  reaction  for  albumin.  This 
takes  a  long  time,  and  had  better  be  done  previously  by  the 
demonstrator.  Dissolve  the  precipitate  in  distilled  water  =  an 
opalescent  solution.  Label  it  A.  Acidify  it  slightly  with  a 
drop  of  2  p.c.  acetic  acid,  and  determine  the  temperature  at 
which  it  coagulates  (75°  C).  The  liquid  in  the  test-tube  should 
just  cover  the  bulb  of  the  thermometer. 

I'he  filtrate  B  contains  serum-albumin.  Dilute  with  an  equal 
volume  of  water,  faintly  acidify  and  heat,  as  above.  A  precipi- 
tate falls  about  77°  to  79°  C,  and  on  filtering  this  ofi",  and  again 
acidifying,  another  precipitate  is  obtained  on  heating  to  84°  to 
86°  C.  ("  Fractional  heat-coagulation  "). 

Blood  plasma  and  its  proteids. — It  contains  serum-albumin, 
serum-globulin  (like  blood-serum),  but,  in  addition,  a  small 
amount  of  fibrinogen.  It  coagulates  spontaneously,  so  that 
means  must  be  taken  to  keep  it  fluid.  The  following  methods 
are  important : — 

13.  Salted  plasma — Neutral  salts. — At  the  slaughter-house 
allow  blood  to  run  into  an  equal  volume  of  saturated  solution  of 
NajSO^  (or  one-quarter  of  its  volume  of  a  saturated  solution  of 
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MgSO^) ;  mix.  The  blood  does  not  clot,  but  remains  fluid. 
Place  the  vessel  on  ice,  and  note  that  the  corpuscles  subside, 
leaving  a  narrow  clear  yellowish  layer  on  the  surface — plasma 
mixed  with  the  saline  solution — "salted  plasma."  To  obtain 
sufficient  plasma  the  blood  must  be  "centrifugalised"  (fig.  77). 

(a)  Heat  undiluted  "salted  plasma"  in  a  water-bath  to  60°  C. 
The  fibrinogen  coagulates  at  56°  0.  Filter.  The  filtrate  does 
not  coagulate,  even  after  the  addition  of  fibrin-ferment  and 
OaClj,  as  there  is  no  fibrinogen  present. 

(6)  Place  15  c.c.  of  salted  plasma  in  a  tall,  narrow,  cylindrical, 
stoppered  glass  vessel.  Add  crystals  of  NaOl,  and  shake 
vigorously ;  a  white  flocculent  precipitate  is  formed.  Allow  the 
precipitate  to  subside.  Decant  the  supernatant  fluid.  Filter 
through  a  filter  moistened  with  a  saturated  solution  of  NaOl. 
Wash  the  precipitate  on  the  filter  -with  a  saturated  solution  of 
NaOl.  This  is  the  plasmine  of  Denis.  With  a  spatula  scrape 
the  washed  precipitate  ofi'  the  filter. 

Dissolve  the  plasmine  in  a  small  quantity  of  distilled  water, 
and  filter  quickly.  The  filtrate,  if  set  aside,  -will  ultimately  clot. 
Do  the  several  operations  rapidly. 

(c)  Fibrinogen. — Half  saturate  plasma  with  NaOl — i.e.,  add  an 
equal  volume  of  saturated  solution  of  the  salt.  Fibrinogen  is 
precipitated.  Filter.  To  the  precipitate  add  a  little  water  j 
this  forms  a  dilute  saline  solution  which  dissolves  the  fibrinogen. 
Put  some  of  the  fibrinogen  solution  in  a  warm  bath  at  40°  0. 
It  may  clot. 

{d)  To  diluted  salted  plasma  add  fibrin-ferment.  Place  in  a 
warm  bath.  Olotting  takes  place  more  quickly  than  without 
fibrin-ferment. 

14.  Oxalated  plasma  or  Decalcified  plasma. — Potassium  oxalate 
prevents  blood  from  coagulating  when  present  to  the  extent  of 
02  p.c.  Dissolve  i  grm.  in  10  to  20  c.c.  normal  saline,  place 
it  in  a  vessel  capable  of  holding  500  c.c,  and  allow  blood  from 
a  slaughtered  animal  to  run  in  to  fill  the  vessel ;  or  allow  blood 
— pigs'  blood  is  very  good — to  run  into  one-fifth  of  its  volume 
of  a  I  p.c.  solution  of  potassium  oxalate  (^Arthus  and  Pages). 
Mix  the  two  fluids.  The  blood  usually  does  not  coagulate,  but 
remains  fluid.  I  have  sometimes  found  it  coagulated  after 
standing  for  some  time.  Oentrifugalise  it  to  obtain  oxalated 
clear  plasma  without  corpuscles,  which  may  be  siphoned  oS. 
The  oxalate  precipitates — as  oxalate  of  lime — the  calcium  which 
is  necessary  for  coagulation. 
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(a)  To  oxalated  plasma  add  a  few  drops  of  z  p.c.  OaClg  solu- 
tion =  coagulation  ;  more  quickly  at  40°  C. 

(6)  Prepare  fibrinogen,  as  above,  by  half-saturation  with  NaCl. 
Dissolve  the  precipitated  fibrinogen  and  divide  the  solution  into 
two  portions:  (i.)  Add  a  drop  of  CaClg;  (ii.)  do  not  add  any- 
thing. Keep  both  at  40°  C.  The  one  to  which  CaClj  has  been 
added  clots  ;  the  other  does  not.     Lime  is  necessary /or  clotting. 

15.  Coagulation  experiments. — (a)  Place  salted  plasma  into  each 
of  three  tubes  and  dilute  with  about  10  volumes  of  liquid. 

A.  With  distilled  water. 

B.  With  water,  but  add  fibrin  ferment. 

0.   With  water,  but  add  fibrin  ferment  and  drop  CaClj. 

Keep  at  40°  C.   in  water-bath.      B   and   C   coagulate  rapidly. 
A  very  slowly  or  not  at  all. 

(6)  Add  fibrin  ferment  to  a  fibrinogen  solution  prepared  as  in 
13  (c)  and  observe  effect  (water-bath). 

(c)  Heat  fibrin-ferment  solution  to  65°  0.  Its  ferment  is  at 
once  destroyed. 

(d)  To  decalcified  plasma  add  a  few  dnps  of  CaClg  (at  4o°C.)  = 
coagulation. 

(e)  Andrew  Buchanan's  experiment  (1836-45). — Mix  5  c.c.  fresh 
serum  (preferably  horse's)  with  5  c.c.  hydrocele  fluid,  and  keep  at 
35°  C.  ;  coagulation  occurs,  a  pellucid  clot  of  fibrin  being 
obtained. 

(/)  Add  fibrin-ferment  to  5  c.c.  of  hydrocele  fluid,  and  keep 
in  a  water-bath  (40°  0. ) ;  coagulation  takes  place. 

(cf)  To  2  c.c.  salted  plasma  (which  is  known  to  clot  slowly  on 
the  addition  of  water),  add  10  volumes — i.e,  20  c.c.  watery  solu- 
tion of  fibrin-ferment  =  coagulation. 

(h)  Add  to  oxalate  plasma  a  few  drops  of  a  2  p.c.  CaClg 
solution.     It  coagulates ;  more  quickly  at  40°  C. 

16.  Hydrocele  fluid  does  not  coagulate  spontaneously.  Prepare 
fibrinogen. 

(a)  Half  saturate  with  NaCl  solution — i.e.,  add  to  it  an  equal 
volume  of  saturated  solution  of  NaCl.  Fibrinogen  is  precipitated 
in  small  amount.     Filter,  and  keep  the  filtrate. 

(6)  Dilute  10  c.c.  with  150  to  200  c.c.  water,  and  pass  through  it  a 
stream  of  CO.j,  when  there  is  precipitated  a  small  quantity  of  a  somewhat 
slimy  white  body,  fibrinogen.     (Schmidt's  method,  1861.) 

(c)  Dissolve  the  fibrinogen  and  add  to  it  fibrin-ferment  (water-bath 
40°  0  =  clot. 
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(d)  To  the  filtrate  (6)  add  MgS04= precipitate  of  serum-globulin.  Hydro- 
cele fluid  contains  fibrinogen  and  serum-globulin.  It  does  not  coagulate, 
because  the  fibrin-ferment  is  absent. 

17.  Salts,  sugar,  and  urea  of  serum. — The  usual  salts  may  be 
tested  for  directly  with  serum  diluted  with  water  (after  removal 
of  proteids)  as  follows  : — Faintly  acidulate  with  acetic  acid,  boil, 
filter  off  the  coagulated  proteids  (traces  remain  in  the  filtrate) ; 
or  the  following  : — 

Dilute  blood  and  boil  it ;  filter. 


Colourless  filtrate,  which  can  be  tested        Coagulum  coloured  brown  by 
for  salts  and  sugar.  haematin. 

To  ascertain  the  presence  of  substances  dissolved  in  blood  the 
proteids  must  be  removed — e.g.,  by  boiling  and  faint  acidulation 
with  dilute  acetic  or  sulphuric  acid,  pouring  blood  into  5  vols, 
absolute  alcohol,  or  by  adding  an  equal  vol.  of  trichloracetic 
acid.  Filter,  and  concentrate  the  filtrate  by  evaporation.  Test 
for  sugar.  Urea  requires  special  precautions.  Peptones  are 
absent. 

The  blood  is  heated  with  6  to  8  times  its  volume  of  water,  and  slightly 
acidulated.  The  filtrate  is  evaporated  to  a  small  bulk.  When  a  drop 
of  the  concentrated  filtrate  is  placed  on  a  slide,  cubes  of  common  salt 
separate  out. 

To  the  colourless  filtrate  of  17 — 

(a)  Add  silver  nitrate  =  white  curdy  precipitate  soluble  in 
ammonia,  but  insoluble  in  nitric  acid  =  chlorides. 

(6)  Add  barium  chloride  =  white,  heavy  precipitate  insoluble 
in  nitric  acid  =  sulphates. 

(c)  Add  nitric  acid  and  molybdate  of  ammonium  and  heat  = 
yellow  precipitate  =  phosphates. 

(d)  Test  with  Fehling's  solution  or  CuSO^  and  NaHO  and 
boil  =  red  cuprous  oxide  =  reducing  sugar,  which  is  glucose. 


Additional  Exercises. 

,  18.  Red'  corpuscles. — (a)  To  defibrinated  ox  blood  (or,  better,  dog's 
blood),  add  20  vols,  dilute  solution  NaCl  ('5  to  2  p.c).  The  red  corpuscles 
subside,  and  the  supernatant  fluid  can  be  poured  off.  Wash  the  corpus- 
cles several  times  in  this  way.  They  will  be  required  for  the  preparation 
of  hsemoglobin  (Lesson  VI. ). 


v.]  THE   BLOOD.  45 

(6)  A  solution  containing  o'6  to  75  p.o.  of  NaCl  in  tap  water  is  called 

"normal  saline."     It  alters  the  tissues  (frog)  but  slightly,  and  is  said  to  be 

isotonic  with  them.     For  mammalian  tissues  a  o'9  p.c.  solution  is  required. 

(c)  Put  2  drops  of  defibrinated  blood  (sheep)  in  each  of  four  test  tubes, 

and  add  to 

{a)  5  c.o.  normal  saline  (0'9  p.o.) 
(6)       „      distilled  water. 

(c)  ,,      2  p.c  NajCOg. 

[d)  „      normal  saline  +  20  drops  ether. 

Shake  and  let  them  stand  for  2  hours.  Note  if  the  fluid  is  coloured  and 
the  depth  of  the  tint.  With  isotonic  solutions  the  colour  (Hb)  is  not  dis- 
charged from  the  corpuscles  (Hamburger's  method). 

19.  Frog's  blood — Coagulation  of  plasma. — Place  5  c.c.  of  normal  saline 
(o"75  p.c.  salt  solution)  in  a  glass  thimble  surrounded  with  ice.  Expose  the 
heart  of  m.  pithed  frog,  and  open  the  ventricle,  allowing  the  blood  as  it 
escapes  to  now  into  the  normal  saline.  Mix ;  the  corpuscles  (owing  to  their 
greater  specific  gravity)  after  a  time  subside.  After  they  have  subsided, 
remove  the  supernatant  fluid — the  plasma  mixed  with  normal  saline — by 
means  of  a  pipette.  Place  it  in  a  watch-glass,  and  observe  that  it  coagu- 
lates. 

2d.  Clot  and  serum. — Draw  out  a  glass  tube  into  a  fine  capillary  pipette 
at  both  ends,  leaving  a  bulb  in  the  middle,  and  suck  some  uncoagulated 
blood,  either  from  one's  finger,  or  from  the  heart  of  a  frog,  into  it,  seal  up 
the  ends  of  the  tube,  allow  the  blood  to  coagulate,  and  examine  the  tube 
under  a  microscope.  Observe  the  small  red  shrunken  clot,  and  the  serum 
squeezed  out  of  the  latter. 

21.  Circumstances  influencing  coagulation — Cold. — (a)  Place  a  small 
platinum  capsule — a  brass  or  glass  thimble  will  serve — on  a  freezing  mixture 
of  ice  and  salt.  Decapitate  a  frog  or  rat,  and  allow  the  blood  to  flow 
directly  into  the  cooled  vessel.  At  once  it  becomes  solid  or  congeals,  but 
it  is  not  coagulated.  As  soon  as  the  blood  becomes  solid,  remove  the 
thimble  and  thaw  the  body  by  placing  it  on  the  palm  of  the  hand,  when 
the  blood  becomes  fluid,  so  that  it  can  be  poured  into  a  watch-glass  ;  if  the 
vessel  be  once  more  placed  on  the  freezing  mixture,  the  blood  again  congeals 
and  solidifies,  and  on  its  being  removed  becomes  fluid.  Observe  at  the 
same  time  that  the  colour  and  transparency  of  the  blood  are  altered.  The 
blood  is  darker  in  colour  and  transparent.  This  is  the  laJcy  condition  due 
to  the  discharge  of  haemoglobin  from  the  corpuscles.  Place  the  vessel  with 
the  fluid  blood  on  the  table,  and  it  clots. 

(6)  Coagulation-tlme. — For  the  "Determination  of  the  coagulation-time 
of  blood,"  see  Brodie  and  Russell,  Joum.  of  Phys.,  xxi.,  403,  1897;  and 
Wright,  Lancet,  1390,  1893. 

22.  Precipitation  of  serum-globulin. — (a)  A.  Schmidt's  method. — To 
10  c.c.  serum  add  200  c.c.  ice-cold  water,  and  pass  a  stream  of  CO2  through 
it  =  a  white  precipitate  of  serum-globulin.  The  precipitation  is  not  com- 
plete.    The  serum  must  be  diluted. 

(6)  Panum's  method. — Dilute  i  c.c.  serum  with  15  c.c.  water;  add  5 
drops  of  a  2  p.c.  solution  of  acetic  acid  =  a  white  precipitate  of  serum- 
globulin.     All  the  serum-globulin  is  not  precipitated. 
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23.  Grape-sugar  in  blood — Estimation. — This  is  difiSoult  because  the 
proteids  must  be  got  rid  of  as  they  interfere  with  reduction  and  keep  part 
of  the  oxide  in  solution.  It  should  be  done  at  once  as  the  sugar  disappears 
if  blood  be  kept. 

(a)  Place  20  grms.  of  crystallised  Na2S04  in  each  of  three  porcelain 
capsules,  and  to  each  add  exactly  20  grms.  of  the  blood  to  be  investigated. 
Mix  the  blood  and  salt  together.  Boil  them  until  the  froth  above  the  clot 
becomes  white,  and  the  clot  itself  does  not  present  any  red  specks.  Weigh 
again,  adding  water  to  make  up  the  loss  by  evaporation.  The  whole  is 
then  placed  in  a  small  press,  and  the  fluid  part  expressed,  collected  in  a 
capsule,  and  afterwards  filtered.     The  filtrate  is  placed  in  a  burette. 


Fig.  14. — Bernard's  Apparatus  for 
Estimating  the  Sugar  in  Blood. 


rig.  15.— Method  of  Incinerating  the 
Deposit  to  obtain  the  Ash. 


In  a  flask  place  i  o.c.  Fehling's  solution,  and  to  it  add  a  few  small  pieces 
of  K"RO  and  20  c.c.  distilled  water.  Boil,  and  from  the  burette  allow  the 
clear  filtrate  of  the  blood  to  drop  into  the  boiling  dilute  Fehling's  solution 
until  the  latter  loses  every  trace  of  its  blue  colour  (fig.  14).  As  in  all  sugar 
estimations,  the  process  must  be  repeated  several  times  to  get  accurate 
results.     Hence  the  reason  why  several  capsules  are  prepared. 

Read  off,  on  the  burette,  the  number  of  c.c.  of  the  filtrate  used,  e.g. 
=  ?i  c.  0.     Bernard's  formula  gives 

«  =  !  = 

in  grms.  the  weight  of  sugar  per  kilogrm.  of  blood. 
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(b)  Add  dextrose  to  blood  to  give  a  i  p.o.  solution.  Estimate  the  amount 
after  24  hours.  It  will  he  much  less.  Is  this  loss  due  to  the  assumed 
glycolytic  action  of  blood  ? 

(c)  Diabetic  v.  non-diabetic  blood — Methylene  blue  test. — Place  40  c.mm. 
water  in  a  narrow  tube.  Get  20  c.  mm.  of  blood  from  a  diabetic  person's  finger 
as  directed  for  the  h£emoglobinometer  (Lesson  VII. ).  Blow  the  blood  into 
the  water,  add  i  c.c.  of  a  I  in  6000  watery  solution  of  methylene  blue,  and 
then  40  c.mm.  of  liquor  potassse.  Make  a  control  with  normal  blood.  Boil 
both  in  a  beaker  for  4  minutes.  The  diabetic  blood  becomes  dirty  pale 
yellow,  the  other  remains  blue  [R.  T.   Williamson), 

24.  Ash  of  haemoglobin. — Incinerate  a  small  quantity  of  oxy-hsemo- 
globin  in  aplatinum  capsule,  shown  in  fig.  15,  where  the  capsule  is  placed 
obliquely,  and  its  contents  heated  in  a  Bunsen-flame  until  only  the  ash 
remains.  The  ash  is  red,  and  contains  oxide  of  iron.  Dissolve  some  in 
HCl ;  add  potassium  sulphocyanide  =  a  red  precipitate ;  or  ferrocyanide  of 
potassium  =  a  blue  precipitate. 

25.  Iron. — Dissolve  dried  blood  in  HNO3.  Heat.  Filter ;  test  filtrate 
with  potassium  ferrocyanide  =  blue  colour. 

26.  The  Centrifuge  precipitates  very  minute  particles  suspended  in 
a  fluid — e.g.,  blood-corpuscles  in  serum  may  be  readily  separated  by  this 
apparatus. 

The  liquid  is  placed  in  strong  glass  tubes,  and  these  are  in  turn  placed 
in  metallic  cases,  which  can  move  on  a  horizontal  axis,  the  cases  themselves 
being  placed  in  a  horizontal  disc  which  is  driven  at  the  rate  of  loco  revolu- 
tions per  minute  ;  this  causes  the  tubes  to  take  a  horizontal  position,  and 
after  30  to  40  to  60  minutes  rotation  the  precipitate  or  other  suspended 
particles  are  found  at  the  outer  end  of  the  tube.  Serum  can  thus  be 
obtained  perfectly  free  from  corpuscles. 

There  are  various  forms  of  this  apparatus.  Some  can  be  driven  by  the 
hand  for  small  quantities  of  fluid,  such  as  those  sold  by  Muencke  of  Berlin 
(fig.  76),  or  that  made  by  Watson  &  Laidlaw  of  Glasgow.  When  large 
quantities  of  fluid  are  required,  that  made  by  f  r.  Runne  of  Heidelberg 
is  one  of  the  best.  It  requires  a  water  or  gas-motor  to  drive  it  (see 
Aj^emiix). 

27.  The  Hsematocrit  (Hedin's  or  Daland's)  is  a  modified  centrifugal 
machine  into  which  is  placed  a  graduated  capillary  tube  filled  with  blood. 
When  "  centrifuged "  the  corpuscles  are  packed  at  the  outer  end  of  the 
tube,  the  percentage  of  corpuscles  being  read  off  directly  on  the  graduated 
tube  (i  large  division  =  100,000  corpuscles  per  c.c).  It  is  useful,  but 
inexact.     (Figs.  77  and  78.) 

28.  Oryosoope,  applied  to  serum  (see  Lesson  LXX.), 
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HiEMOGLOBIIf :    ITS   COMPOUlirDS,   DERIVATIVES, 
AND    THEIR   SPECTRA. 

1.  HaBmoglobin  crystals  (Ojop  Hggo  N^5^  Ojfg  SPe). —  (a)  Bais 
blood. — Place  a  drop  of  defibrinated  rat's  blood  on  a  slide,  add 
three  drops  of  water,  mix,  and  cover  with  a  cover-glass.  After 
a  few  minutes  examine  with  a  microscope,  when  yellowish-red 
crystals  of  oxy-hsemoglobin  begin  to  form,  especially  at  the 
edges  of  the  preparation,  and  gradually  grow  larger,  and  in  the 
form  of  thin  rhombic  plates  arranged  singly  or  in  groups 
(fig.  1 6).     Some  may  be  colourless. 

(6)  Guinea-pig's  blood. — Treat 
as  directed  for  rat's  blood,  or 
mount  defibrinated  blood  in 
pure  Canada  balsam  or  stir  it 
in  clove  oil.  Tetrahedral  crim- 
son crystals  are  obtained. 

(c)  Mix  defibrinated  blood 
of  rat,  guinea-pig,  horse,  cat,  or 
dog  with  an  equal  solution  of 
2  p.c.  sodium  fluoride,  and 
leave  for  8  or  lo  days.  No 
putrefaction  occurs,  as  this  is 
prevented  by  i  p.c.  NaPl. 
Crystals  are  readily  obtained 
(Arthus). 

2.  Ozone  test  for  Hb. — Mix  freshly-prepared  alcoholic  solution 
of  guaiacum  with  ozonib  ether  or  old  oil  of  turpentine ;  the 
mixture  becomes  turbid.  On  adding  a  dilute  solution  of  hsemo- 
globin,  a  blue  colour  results,  due  to  oxidation  of  the  resin  by  the 
ozone  liberated  from  the  ozonic  ether  by  the  hsemoglobin. 

The  blue  colour  is  given  by  Hb-CO,  Met-Hb,  neutral  and  alkaline, 
alkali-hsBmatin,  aold-ha3matin,  but  not  by  haemochromogen.  The  blue 
colour  is  obtained  when  only  o"5  p.c.  of  blood  is  present. 

3.  Spectroscopic  examination  of  blood. — Use  a  small  Brown- 
ing's straight-vision  spectroscope  (fig.  17),  or  that  of  Zeiss  or 
Schmidt  and  Haensch  (see  Appendix). 

Preliminary. —  Observe  the   solar    spectrum    by  placing  the 


JTig.  16. — Hsemoglobin  crystals  from 
rat's  blood. 
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spectroscope  before  the  eye,  adjusting  the  slit,  and  directing  it 
to  bright  daylight.  Note  the  spectrum  from  the  red  to  the 
violet  end,  with  the  intermediate  colours,  and  focus  particularly 
the  dark  Fraunhofer's  lines,  known  as  D  in  the  yellow,  E,  the 


Fig.  17.— Browning's  straight-vision  spectroscope. 

next  well-marked  line  in  the  green,  b  and  F,  their  position  and 
relation  to  the  colours.  Make  a  diagram  of  the  colours,  and  the 
dark  lines,  indicating  the  latter  by  their  appropriate  letters. 

(a)  Fix  the  spectroscope  in  a  suitable  holder,  and  direct  it  to 
a  gas-flame,  the  edge  of  the  flame  being  towards  the  slit  in  the 
spectroscope,  noting  that  the  spectrum  shows  no  dark  Fraunhofer 
lines  (fig.  186). 


Fig.  i6a. — Stand  for  platinum  wire. 


Fig.  18&.  Stand  for  hand  spectroscope. 


(6)  Dip  a  loop  of  platinum  wire  in  water  and  then  in  common 
salt  or  biborate  of  soda,  and  burn  the  salt  in  the  gas-flame, 
having  previously  directed  the  spectroscope  towards  the  flame, 
and  so  arranged  the  latter  that  it  is  seen  edge-on.  Note  the 
position  of  the  bright  yellow '  sodium  line  in  the  position  of 
the  P  line  (fig.  1 8a). 

4 
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A.    SPECTRUM  OF  HAEMOGLOBIN  AND  ITS  COMPOUNDS 
WITH  GASES. 

I.  Oxy-haemoglobin — HbOj. — [a)  Make  a  solution  of  defibri- 
nated  blood  (ox,  sheep)  in  water,  and  place  some  in  a  test-tube. 

(6)  Light  a  fan-tailed  "gas-burner,  fix  the  spectroscope  in  a 
suitable  holder,  and  bfetween  the  light  and  the  spectroscope  place 
the  test-tube  (or  a  wedge-shaped  bottle)  with  the  blood  solution. 
Pocus  the  long  image  of  the  gas-flame  on  the  slit  of  the  spectro- 
scope. The  focal  point  can  be  readily  ascertained  by  holding  a 
sheet  of  white  paper  behind  the  test-tube. 


Red     Orange. 


Yellow. 


Green. 


Blue. 


HbOj 
(o-8  p.c). 


Fig.  19. — Spectra  of  haemoglobin,  and  its  compounds. 

(c)  Add  10  to  15  vols,  water;  only  the  red  part  of  the 
spectrum  is  visible. 

(d)  Add  water  until  the  green  appears,  and'  observe  a  single 
dark  absorption-band  between  the  red  and  green  (fig.  19,  i). 
Dilute  until  this  single  broad  band  is  resolved  in  to,  two  by  the 
transmission  of  yellow-green  light.  Burn  a  bead  of  NaCl  in  the 
flame.  Note  the  D  line,  and  observe  that  of  the  two  absorption- 
bands  the  one  nearer  D,  conveniently  designated  by  the  letter  a, 
is  darker,  sharply  defined,  and  narrow;  the  other  band,  /3,  nearer 
the   violet,    is   broader   and   fainter,      At  the   violet   end   the 
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spectrum  is  shortened  hj  absorption  (fig.  ig,  2).  On  further 
dilution  /?  disappears  first,  about  o-oi  p.c.  If  a  has  disap- 
peared, the  p.c.  is  less  than  o-i  of  Hb.  [The  mid  line  of  a  cor- 
responds to  W.L.  or  X  578,  that  of /3  about  540  (fig.  34).] 

Using  coloured  chalks  or  pencils,  sketch  the  appearances  seen  with 
each  dilution,  and  indicate  opposite  each  the  degree  of  the  latter. 

[Prof.  Engelmann  has  recently  published  coloured  spectral 
charts  which  are  very  serviceable.] 

(«)  Make  a  solution  of  blood,  showing  one  undivided  band ; 
add  water,  so  that  it  mixes  but  slightly  with  the  upper  strata 
of  the  blood.  The  same  result  is  obtained  by  using  a  wedge- 
shaped  bottle  for  the  blood  solution.  Move  the  tube  so  as  to 
examine  first  the  deeper  strata  until  the  surface  is  reached.  At 
first  a  single  band  ;  but  as  the  solution  is  more  dilute  above,  two 


■  Pig.  20.  — Graphic  representation  of  the 
absorption  of  light  in  a  spcotrnm  by 
solut^ns  of  ozy-hsemoglobin,  of  differ- 
ent strengths.  The  shading  indicates 
the  amount  of  absorption  of  the  spec- 
trum, and  the  numbers  at  the  side  the 
■  strength  of  the  solution. 


dtJs    D       Bb     P  oh 

Fig.  21. — Graphic  representation  of  the 
absorption  of  light  in  a  spectrum 
by  solutions  of  reduced  Hb,  of  dif- 
ferent strengths.  The  shading  indi- 
cates the  amount  of  absorption  of  the 
spectrum,  and  the  numbers  at  the 
side  the  strength  of  the  solution. 


bauds  begin  to  appear,  and  as  the  solution  is  weaker  above, 
j8-band  disappears,  until,  finally,  with  a  very  weak  solution, 
such  as  is  obtained  in  the  upper  strata  only,  the  os-band  alone  is 
visible.  Fig.  20  sliows  the  amount  of  light  absorbed  by  solu- 
tions of  HbOj  (i  cm.  in  thickness)  and  of  various  strengths. 

(/)  OraducUly  increase  the  strength  of  the  solution,  and  observe  how  more 
and  more  of  the  spectrum  is  cut  off,  both  at  the  red  and  blue  ends,  but 
especially  at  the  latter.  The  two  bands  run  together  to  form  one  con- 
tinuous broad  band — light  now  only  passes  through  red  and  green.  If 
made  stronger  the  green  is  out  dut,  and  only  red  passes. 

{g)  Hold  up  the  hand  before  a  strong  light  with  the  fingers  erect  and 
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pressed  together.      Along  the  line  of  contact"  of  two  fingers  a.  Bingle 
absorption-band  due  to  the  thick  layer  of  HbOg  is  seen. 

II.  Haemoglobin  (reduced  Hb,  gas-free  Hb). — (a)  To  a  solution 
of  HbOg  showing  two  well-defined  absorption-bands,  with  the 
inter-linear  green  well  marked,  add  a  few  drops  of  o'6  p.c. 
ammonium  sulphide,  and  warm  gently.  The  solution  becomes 
purplish  or  claret-coloured. 

(b)  Note  that  the  two  bands  of  HbOj  are  replaced  by  one 
absorption-band  between  D  and  E,  not  so  deeply  shaded,  and 
with  its  edges  less  defined  (fig.  19,  4).  Shake  the  solution 
vigorously  with  air,  and  examine  at  once,  the  two  bands  re-appear 
for  a  short  time.  Observe  the  absorption  at  the  red  and  violet 
ends  according  to  the  strength  of  the  fluid. 

(c)  Dilute  the  solution,  and  observe  that  the  single  band  is 
not  resolved  into  two  bands,  but  gradually  fades  and  disappears. 

{d)  To  a  solution  of  Hb02,  showing  two  bands,  add  freshly- 
prepared  Stokes'  fluid,  and  observe  the  single  absorption-band  of 
haemoglobin.     Shake  with  air,  the  two  bands  re-appear. 

(e)  Use  a  solution  of  HbOg  just  showing  the  two  bands. 
Reduce  it  with  (NH4)2S  or  Stokes'  fluid.  Perhaps  there  is  only 
the  faintest  shadow  of  the  Hb  band. 

(/)  Compare  the  relative  strengths  of  the  solution  of  HbQg 
and  Hb.  The  latter  must  be  considerably  stronger  to  give  its 
characteristic  spectrum. 

[The  middle  of  the  Hb  band  is  about  X,  565 — i.e.,  nearer  D 
than  E  (fig.  34).] 

Ill;  Carbonic  oxide  haemoglobin  (Carbon-monoxide  Hb,  Carb. 
oxy-Hb,  Hb-CO). — Through  a  diluted  solution  of  blood  pass  a 
stream  of  carbonic  oxide — or  coal  gas  {4  p.c.  00) — 20  mins. 
Note  the  cherry-red  colour  with  a  bluish  tinge. 

(a)  Dilute  the  solution  and  observe  its  spectrum  ;  two  absorp- 
tion-bands nearly  in  the  same  position  as  those  of  HbOj,  but 
slightly  nearer  the  violet  end  (fig.  19,  3).  A  stronger  solution 
is  required  than  with  HbO„,  to  show  the  absorption-bands. 
[Midline  position  of  a,  about  X  572,  B  about  X  535  (fig.  34).] 

(6)  The  bands  are  not  afiected  by  the  addition  of  reducing 
agents,  e.g.,  (NH4)2S  or  Stokes'  fluid — i.e.,  HbCO  is  not  reduced 
by  (NH^JgS,  while  Hb02  is.  HbCO  that  has  been  kept  for  a 
long  time  may  be  ultimately — days — reduced  by  Am2S. 

(c)  To  a  solution  of  HbCO  add  10  p.c.  solution  of  NaHO  and  boil  = 
cinnabar-red  colour.  Compare  with  a  solution  of  HbCO  similarly  treated. 
The  latter  gives  a  brownish-red  mass. 

{d)  Dilute  I  c.c.  blood  with  20  c.c.  water  +  20  c.c.  NaHO  (S.  G.  i'34). 
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If  the  blood  contains  CO,  the  fluid  first  becomes  white  and  cloudy,  and  then 
red.  When  allowed  to  stand,  flakes  form  and  settle  on  the  surface. 
Normal  blood  gives  a  dirty  brown  colouration. 

(e)  The  HbCO  compound  is  very  stable  and  resists  putrefaction.  It 
gives  the  HbCO  spectrum  after  being  kept  for  many  years. 

[Nitric  oxide  haemoglobin  is  omitted.] 

N-B. — The  band,  known  as  the  band  of  Soret,  seen  in  the 
ultra-violet  part  of  the  spectrum  in  the  photographic  spectrum 
of  HbOj  and  other  Hb  compounds,  is  purposely  omitted. 
It  requires  a  fluorescent  screen  to  be  seen  ("  Photographic 
spectrum  "). 

IV.  Neutral  MethsBmoglobin  (Met-Hb).— This  substance  is 
formed  on  adding  oxidising  reagents  to  a  solution  of  blood  or 
HbOj.  It  sometimes  occurs  in  the  urine,  and  is  therefore  of 
practical  importance.  It  is  a  compound  of  Hb  with  Oj,  and 
is  related  to  oxy-hsemoglobin  ;  but  the  relations  between  the 
Hb  and  Og  are  different  in  the  two  cases,  as  Met-Hb  does  not 
yield  its  Og  to  a  vacuum,  while  HbOg  does.  Like  HbOj, 
however,  it  crystallises,  and  with  it  reducing  agents  yield 
haemoglobin.      It  is  often  present  in  the  blood  of  hsematemesis. 

Ferrioyanide  of  sodium  or  potassium  not  only  clianges  diluted 
HbOj  into  Met-Hb,  but  it  also  liberates  the  linked  oxygen.  If 
laked  blood  be  treated  with  potassium  ferrioyanide  and  a  little 
carbonate  of  soda  added  to  absorb  the  COj,  the  0^  liberated  can 
be  collected  and  measured.  As  all  the  O2  is  set  free,  this 
method  can  be  used  to  estimate  the  amount  of  Oj  present. 
Perhaps  the  Og  of  the  HbOj  is  detached,  then  the  Hb  takes  an 
equal  quantity  of  Oj  from  the  reagent  added,  according  to  the 
following  provisional  equation  (SaZc^arae)  [see  "Respiration"]  : — 

HbOa  -I-  4Na3Cy6Fe  -I-  4NaHC03 
Oxy-Hb. 

=  HbOa  +  4NaCy6Fe  -I-  4CO2  +  2H2O  +  0^. 
Met-Hb. 

(a)  To  a  medium  solution  of  oxy-hsemoglobin  add  a  few  drops 
of  a  freshly-prepared  10  p.c.  solution  of  ferrioyanide  of  potassium, 
heat  gently,  observe  the  change  of  colour — to  brownish-red — 
and  examine  spectroscopically.  If  the  two  bands  of  HbOj  are 
still  present,  allow  it  to  stand  and  examine  again.  If  they  are 
still  visible,  add  ferricyanide  until  the  two  bands  disappear. 
Note  one  absorption-band  in  the  red  near  C,  nearly  in  the  same 
position,  but  nearer  D  than  the  band  of  acid  haematin ;  the 
violet  end  is  much  shaded  (fig.  22).  Three  other  bands  are 
described — two  in  the  green,  and  one  in  the  blue,  especially  in 
dilute  solutions ;  but  the  student  may  find  it  difficult  to  recog- 
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nise  a  dim  band  in  the  green.  Add  ammonia  to  render  the 
solution  alkaline,  the  band  in  the  red  disappears,  and  is  replaced 
by  a  faint  band  near  D.     Filter  if  necessary. 

(6)  To  an  alkaline  solution  of  methsemoglobin  add  (NH^)S2. 
Observe  (i.)  the  spectrum,  first  of  oxy-hsemoglobin  and  then  (ii.) 
that  of  hsBmoglobin ;  (iii.)  on  shaking  with  air,  oxy-hsemoglobin 
is  formed. 

(c)  Ritrites. — To  undiluted  defibrinated  blood  add  a  few  drops 
of  an  alcoholic  solution  of  amyl  nitrite.  The  blood  assumes 
a  chocolate  colour  {Gamgee). 

{d)  To  diluted  blood  add  solution  of  potassium  or  sodium 
nitrite  =  dark  port  wine  colour  rather  than  chocolate  colour. 

(e)  To  portions  of  (c)  and  {d)  add  ammonia;  the  chocolate 
gives  place  to  a  red  colour. 

(/)  Observe  the  spectrum  of  (c)  and  (d).  The  band  in  the  red  is  distinct, 
and  is  best  seen  when  the  solution  is  of  such  strength  that  only  the  red  rays 
are  transmitted.  On  dilution,  other  bands  are  seen  in  the  green.  Add 
ammonia,  and  with  the  change  of  colour  described  in  (e)  the  spectrum 
changes  as  described  in  (a).  Add  (NH^jjS,  or  Stokes'  fluid,  the  spectrum 
of  reduced  haemoglobin  appears,  and  on  shaking  up  with .  air  the  bands  of 
oxy-hjemoglobin  appear. 


Fig.  22.— Spectrum  of  methsemoglobin  in  acid  and  neutral  solutions. 

{g)  Crystals. — To  a  drop  of  blood  partly  dry  on  a  slate  add 
pyridine.     Cover  and  examine. 

(A)  Liberation  of  0  from  Met-Hh. — Add  a  saturated  solution 
of  potassium  ferricyanide  and  a  little  sodium  bicarbonate  to 
blood  diluted — i.e.,  laked  with  water  (1:2);  not  only  is  methse- 
moglobin formed,  but  bubbles  of  gas — nearly  pure  oxygen — are 
given  off.  HbCO  by  the  same  means  yields  CO.  Thus  the 
affinity  of  the  Hb  molecule  for  0  or  00  is  abolished  by  the 
reagent.  The  ferricyanide  is  reduced  to  ferrocyanide(ZfaZ(f  a»ie).* 
Methsemoglobin,  though  it  does  not  yield  its  O  to  a  vacuum, 
does  so  in  other  ways  even  more  readily  than  HbOj. 

[To  methsBmoglobin  solution  add  a  few  drops  of  (NH^)2S  = 
spectrum  of  HbOj.  which  lasts  some  time  before  the  HbOj  is 
finally  reduced  to  Hb.] 

*  Joum.  of  Phya.,  xxii.,  298,  1898. 
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(i)  Alkaline  meihoemoglohin. — To  Met-Hb  prepared  with  potassium 
ferrioyanide  add  2  or  3  drops  of  strong  ammonia  =  ruby-red  colour.  The 
spectrum  shows  a  band  on  the  red  side  of  D  and  another  in  the  green. 


B.    SPECTRA  OF  DECOMPOSITION  PRODUCTS  OF  Hb. 

I.  Acid-haematin. — (a)  To  diluted  blood  add  a  few  drops  of 
acetic  acid,  heat  gently ;  the  mixture  becomes  brownish,  owing 
to  the  formation  of  acid  haematin.  [Dilute  defibrinated  sheep's 
blood  with  an  equal  volume  of  water.  Take  150  c.c,  heat  to 
35°  C,  and  add  5  c.c.  glacial  acetic  acid.     Filter.] 

(6)  Spectrum  shows  one  absorption-band  to  the  red  side  of  D 
near  C  (fig.  23,  5)  with  considerable  absorption  of  the  blue. 

(c)  The  band  is  not  affected  by  (NHJgS  or  Stokes'  fluid. 
Sulphur  is  precipitated  if  (!N'H^)2S  is  used.  If  the  fluid  is  made 
alkaline  haemochromogen  is  formed. 


Red.   Orange.  Yellow. 


Green. 


40 
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Kg.  23.— Spectra  of  derivatives  of  haemoglobin.     5.  Haematin  in  ether  with  sulphuric 
acid.    6.  Haematin  in  an  alkaline  solution.    7.  Reduced  haematin. 

(d)  Acid-lvoarruxtin  in  ethereal  solution. — To  undiluted  blood  add  glacial 
acetic  acid,  which  makes  the  mixture  brown.  Extract  with  ether,  shake, 
and  a  dark  brown  ethereal  solution  of  hsematin  is  obtained.  Pour  it  off 
and  observe  its  four  absorption  bands— one  in  the  red  between  C  and  D, 
corresponding  to  the  watery  acid-haematin,  and  on  diluting  further  with 
ether  a  narrow  faint  one  near  D,  one  between  D  and  E,  and  a  fourth 
between  b  and  F  (fig.  23,  5).  The  last  three  bands  are  seen  only  in  ethereal 
solutions,  and  req^uire  to  be  looked  for  with  care. 

II.  Alkali-haematin. — (a)  To  diluted  blood  add  solution  of 
KHO,  and  heat  gently.  The  colour  changes  to  a  brownish-green, 
and  is  dichroic. 
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(6)  Shake  (a)  oxy-alkali-hsematin  with  air.  Its  spectrum  shows 
one  absorption-band  just  to  the  red  side  of  D,  but  nearer  D  than 
that  of  acid  hsematin  (fig.  23).  Much  of  the  blue  end  of  the 
spectrum  is  cut  off. 

III.  Eeduced  alkali-haematin  or  hsemochromogen. — (a)  Add  to 
alkali-hsematin  a  few  drops  of  (NHi)2S,  and  heat  gently.  Note 
the  change  of  colour  =  reduced  alkali-hsematin,  Stokes'  reduced 
hsematin  or  hsemochromogen.  The  spectrum  shows  two  absorp- 
tion-bands in  the  green  between  D  and  E  (HbOg  and  HbCO), 
but  they  are  nearer  the  violet.  The  first  band  to  the  violet  side 
of  D  is  well  defined ;  the  second,  still  nearer  the  violet  (in  fact, 
it  nearly  coincides  with  the  E  line),  is  less  defined.  Both  bands 
disappear  after  shaking  with  air,  and  re-appear  on  standing, 
provided  suflBcient  (NHJgS  be  added. 

IV.  Hsematoporphyrin  in  acid  solution  (Iron-free  hsematin, 
OjgHjgNgO). — {a)  To  strong  H2SO4  add  a  few  drops  of  undiluted 
blood  (about  5  drops  of  blood  to  8  to  10  c.c.  HjSO^) ;  mix,  when 
a  clear  violet-red  or  purple-red  fluid  is  obtained.  Smell,  odour 
of  "  halitus  sanguinis."  If  black  specks  of  carbon  appear,  filter 
through  asbestos.  Dilute  only  with  concentrated  HgSO^,  not 
H,0. 

(6)  Observe  two  absorption-bands,  one  narrow,  close  to  and 
on  the  red  side  of  D,  and  a  second  half-way  between  D  and  E. 

(c)  To  the  violet-red  solution  add  an  excess  of  water,  which  throws  down 
part  of  the  hsematoporphyrin  as  a  brown  precipitate,  which  is  more  copious 
if  the  aoid  be  neutralised  with  an  alkali,  e.g.,  NaHO.  Dissolve  some  of  the 
deposit  in  NaHO,  and  examine  it  spectroscopically. 

{d)  The  spectrum  shows  four  absorption-bands ;  a  faint  band  midway 
between  C  and  D,  another  similar  one  between  D  and  E,  but  close  to  D ;  a 
third  band  near  E  ;  and  a  fourth  one,  darkest  of  all,  occupying  the  greater 
part  of  the  space  between  6  and  P,  but  nearer  the  former. 

Picro- carmine. — Its  spectrum  closely  resembles  that  of  HbOj,  but  the 
two  bands  are  much  nearer  the  violet,  one  being  midway  between  D  and  E, 
and  the  other  to  the  violet  side  of  E.  The  bands  are  unchanged  on  addi- 
tion of  (NH4)2S'  or  Stokes'  fluid.  The  solution  does  not  give  proteid 
reactions.     Try  also  carmine,  magenta,  hsematoxylin,  saffranin,  eosin. 

V.  Detection  of  blood-stains — e.g.,  rag  stained  with  blood. 

(a)  Add  glycerin  to  part  of  the  stain,  and  after  a  time  express 
the  liquor,  and  observe  it  microscopically  for  blood-corpuscles. 

(6)  Suspend  in  distilled  water  by  means  of  a  thread  a  part  of 
the  rag,  and  leave  it  until  the  colouring-matter  is  extracted. 
Observe  the  coloured  fluid  spectroscopically. 

(c)  Boil  some  of  the  extract  with  HCl,  and  add  potassium 
ferrocyanide ;  a  blue  colour  indicates  the  presence  of  iron. 

(d)  Use  the  stain  for  the  hsemin  test. 
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VI.  Hsemin  Crystals. — To  powdered  dried  blood  on  a  slide,  or 
blood  smeared  on  a  slide,  add  crystal  of  NaOl,  and  glacial  acetic 
acid.  Cover,  and  heat  until  bub- 
bles of  gas  are  given  off.  Examine 
raicroscopioally,  when — after  cooling 
— brown  or  black  rhombic  crystals 
of  hsemin  are  seen  (fig.  24).  To 
preserve  them  irrigate  with  water, 
dry,  and  mount  in  Canada  balsam. 

Fig.  24. — HsBmin  crystals. 

Additional  Exercises. 

1.  Usemoglohin— Preparation — (a)  Dog's  blood. — To  15  c.c.  of  de- 
fibrinated  dug's  blood  add,  drop  by  drop,  i  c.c.  of  ether,  shaking  the 
tube  after  each  addition  of  ether.  The  blood  is  rendered  laky.  Add  no 
more  ether.  Place  the  tube  in  a  freezing  mixture  of  ice  and  salt ;  as  the 
temperature  falls,  crystals  of  hjemo- 
globin  may  separate.  If  the  crystals 
do  not  separate  at  once,  keep  the  tube 
in  the  freezing  mixture  for  one  or  two 
days.  Examine  the  crystals  microsco- 
pically. Dog's  blood,  containing  i  p.o. 
of  sodium  fluoride,'  after  standing  for 
several  days,  deposits  crystals  of  Hb 
[Arthus). 

(b)  Run  blood  into  an  equal  volume 
of  sodium  fluoride  or  oxalate  of  potash 
(2  p.c. ),  and  leave  it  for  8  or  10  days. 
Crystals  of  Hb  are  deposited  (Arthtis). 

2.  Reduction  of  HbO^  by  putre- 
fying bodies.  —  To  a  test-tube  con- 
taining a  dilute  solution  of  HbOj  or 
blood,  add  a  drop  of  putrid  meat  infu- 
sion, cork  the  vessel  tightly  to  make  it 
air-tight,  and  allow  it  to  stand.  The 
HbOj  is  reduced  to  haBmoglobin ;  the 
colour  changes  to  purple-red,  and  the 
fluid  shows  the  spectrum  of  haemoglobin. 
Seal  up  the  blood  in  a  tube.  It  need 
not  be  mixed  with  putrid  matter  in 
order  to  observe  after  a  time  the 
reduction. 

3.  Haematinometer.  —  For  accurate 
observation,  instead  of  a  test-tube  the 
blood  is  introduced  into  a  vessel  with 
parallel  sides,  the  glass  plates  being 
exactly  l  cm.  apart  (fig.  33,  D). 

4.  HsematosGope  (fig.  25).— By 
means  of  this  instrument  the  depth  of  port, 
the  stratum  of  fluid  to  be  investigated  can  be  varied,  and  the  variation  of 
the  spectrum,  with  the  strength  of  the  solution,  or  the  thickness  of  the 
stratum  through  which  the  light  passes,  at  once  determined. 


l^ig.  25.  —  UiEmatoscope  of  Hermann, 
r.  Glass  plate ;  C.  Piston-like  tube, 
closed  by  a  glass  plate.  By  moving 
C  the  space  BF  can  be  increased  or 
diminiBhed,  and  the  thickness  of  the 
stratum  of  fluid  varied.  B.  Vessel 
tor  holding  surplus  fluid.    A.  Sup- 
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To  a  few  c.c.  of  defibrinated  blood  (rat,  guinea-pig),  add  an  equal 
number  of  drops  of  amyl  nitrite,  and  shake  the  mixture  for  a  minute  or 
two  =  dark  chocolate  tint  of  methaemoglobin.  A  drop  of  this  fluid,  trans- 
ferred at  once  to  a  slide,  and  covered,  yields  crystals  of  methsemoglobin 
(ffalliburton). 

5.  Methsemoglobin  crystals. — To  a  litre  of  concentrated  solution  of 
haemoglobin  add  3-4  c.c.  of  a  concentrated  solution  of  ferricyanide  of 
potassium  and  also  a  quarter  of  a  litre  of  alcohol,  and  freeze  the  mixture. 
After  two  days,  brown  crystals  of  methsemoglobin  separate. 

6.  Action  of  drugs — Formation  of  Met-Hb. — Make  a  solution  of 
3  parts  of  defibrinated  blood  in  100  parts  of  water.  Take  15  c.c.  in  separate 
test  tubes,  add  reagents,  and  observe  at  once  change  in  colour  and  spectrum. 
If  necessary,  hasten  by  heating  in  water-bath  at  40°  C. 

(a)  25  drops  saturated  KCIO3.  {d)     i  drop  phenyl-hydrazine. 

(6)  25     ,,      lop.e.  NaNOj,  (e)  25  drops  25  p.c.  pyrogallol 

(e)     2  KMnO  (Met-Hb  spectrum  and  precipitate  of  hsemo- 

pot.  ferricyanide.  When  Met-Hb  band  is  well  marked, 
add  I  drop  2  p.c.  HON.  Note  band  of  Cyan-Met-Hb 
(resembles  reduced).  {Sollmann.  Also,  G.  N.  Stewart, 
Jmim.  oj  Phys.,  xxvi.,  470.) 

7.  Hsemoohromogen  and  hsematin. — Seal  in  a.  glass 
tube  a  solution  of  HbOj  with  NaHO.  Hoppe-Seyler  recom- 
mends the  following  method,  but  it  is  unnecessary.  Arrange 
a  tube  as  in  fig.  26.  Place  solution  of  haemoglobin  in  A, 
and  into  a  narrower  cup-shaped  glass  tube  (B),  with  a  long 
stem  place  some  NaHO,  and  place  B  inside  A,  as  shown  in 
the  figure.  Draw  out  the  end  of  tube  A  in  a  gas  flame,  and 
seal  it  in  the  flame.  Mix  the  two  solutions.  At  the  end 
of  three  weeks  break  o£f  the  narrow  end  of  the  tube,  and 
shed  the  contents  upon  a  white  plate.  The  contents  consist 
of  red  hsemochromogen,  but  the  latter,  as  soon  as  it  is 
exposed  to  the  air,  becomes-  brown,  and  is  converted  into 
hsematin. 

8.  Hsematin  (C^^^O^e)— Preparation. — (a)  Make 
defibrinated  blood  into  a  paste  with  potassic  carbonate 
and  dry  on  a  water-bath.  Place  the  paste  in  a  flask,  add 
4  volumes  alcohol,  and  boil  on  a  water-bath.  Filter ;  an 
alkaline  brown  solution  of  haematin  is  obtained.  Re-extract 
the  residue  several  times  with  boiling  alcohol,  and  mix  the 
alcoholic  extracts.     The  solution  is  dichroic. 

(6)  Acidify  the  alkaline  filtrate  of  (a)  with  dilute  H2SO4, 
filter,  and  keep  the  filtrate.  Observe  the  spectrum  of  acid 
hsematin  in  the  filtrate  (figs.  23,  5,  and  35,  5). 

(c)  Add  excess  of  ammonia  to  the  acid  filtrate  of  (6),  and 
filter  off  the  precipitate,  keep  the  filtrate,  and  observe  that 
it  is  dichroic.  Observe  the  spectrum  of  alkali  haematin  in 
the  filtrate  (fig.  23,  6), 

(d)  Evaporate  the  filtrate  from  (c)  to  dryness  on  a  water- 
bath.  Extract  the  residue  with  boiling  water.  The  black 
residue  is  washed  on  a  filter  with  distilled  water,  alcohol, 
and  ether,  and  dried  in  a  hot  chamber  at  120°  C. 

(e)  It  is  convenient  to  keep  in  stock  haematin  prepared  as    oUows : 


Fig.  26. — Apparatus 
for  m  aking  heemo- 
chromogeu. 
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Extract  defibrinated  blood  or  blood-clot  (ox  or  sheep)  with  rectified  spirit 
containing  pure  sulphuric  acid  (i;2o).  Filter;  the  solution  gives  the 
spectrum  of  acid  hjematin.  Add  an  equal  volume  of  water  and  then 
chloroform.  The  chloroform  becomes  brown,  and  there  is  a  precipitate  of 
proteids.  Separate  the  chloroform  extract,  wash  it  with  water  to  remove 
the  acid.  Separate  the  chloroform,  and  allow  it  to  evaporate.  The  dark 
brown  residue  is  impure  hsematin.  When  dissolved  in  alcohol  and  caustic 
soda  it  gives  the  spectrum  of  alkali  hsematin,  and  on  adding  ammonium 
sulphide  that  of  haemochromogen.  If  it  is  dissolved  in  H2SO4,  and  filtered 
through  asbestos,  the  red  filtrate  gives  the  spectrum  of  heemato-porphyrin 
{MacMunn). 

9.  Sulph-hsemoglobin  is  obtained  when  sulphuretted  hydrogen  is 
passed  through  diluted  blood.     It  gives  a  special  band  in  the  red. 

10.  Spectrum  of  circulating  blood.— (a)  Hold  up  the  hand  vertically 
towards  a  bright  light  or  to  the  sun,  and  direct  a  spectroscope  towards  the 
crimson  glow  seen  between  the  fingers,  a  single-banded  spectrum  of  HbOj 
is  seen.  The  thinnest  part  of  the  ear  of  an  albino  rabbit  just  yields  a  two- 
banded  spectrum.  Constrict  the  base  of  one  ear.  In  30  seconds  the 
double-band  fades  into  the  single  on  Hb — i.f.,  in  this  short  time  the  HbOs 
is  reduced  to  Hb. 

(6)  Examine  the  circulation  in  the  web  of  a  frog's  foot  and  then  use 
a  spectroscope,  the  expanded  web  being  between  the  light  and  the  spectro- 
scope. A  two-banded  spectrum  of  HbOs  is  seen.  Ligature  the  thigh. 
Even  after  2  hours  the  HbOj  is  not  reduced.  Thus  the  reducing  power 
of  the  amphibian  tissues  (cold-blooded)  is  far  less  than  that  of  the  mamma- 
lian (warm-blooded). 

11.  CO2  on  blood. — (a)  Pass  a  stream  of  COj  through  undiluted  defibrin- 
ated blood  and  observe  the  purple  or  dark  "  venous  "  colour.  Observe  the 
spectrum  of  Hb  in  the  transparent  purplish  bubbles  before  they  burst. 
Does  the  CO2  really  form  a  COj  -  Hb,  or  is  it  locked  up  in  some  peculiar 
combination  in  the  red  corpuscles  themselves?  The  combination  is  extremely 
unstable  ;  the  COj  is  at  once  displaced  by  0. 

(6)  Pass  CO2  for  an  hour  through  diluted  (i  p.c.)  blood.  The  red  cor- 
puscles are  destroyed  by  the  water,  but  with  Hb  in  solution  COj  does  not 
cause  a  venous  hue,  and  the  Hb02  is  not  reduced.  The  blood  still  shows 
the  spectrum  of  HbOj.  To  effect  the  change  of  hue  the  Hb  must  be  in  the 
red  corpuscles,  not  in  solution.  Blood  reduced  by  (NH4)2S  can  be  kept  for 
a  long  time  and  still  show  the  band  of  Hb. 

12.  Colour  of  dilute  HbOj  v.  HbCO.  -  (a)  Compare  the  colour  of  a  very 
dilute  solution  of  HbOj.  -  few  drops  of  blood  in  a  litre  of  water,  with 
a  similar  dilution  of  HbCO.  Note  yellowish  tinge  of  former  and  pinker 
hue  of  latter.  Haldane  has  based  a  simple  colorimetric  method  on  this 
reaction  for  estimating  the  amount  of  CO* — i.e.,  its  percentage  estimation 
of  Hb  of  the  red  corpuscles  with  CO  during  life.  The  affinity  of  CO  for 
Hb  is  about  140  times  that  of  oxygen  (see  "Respiration").  The  colouring 
power  of  blood  in  different  animals  varies  in  exact  proportion  to  its  oxygen 
capacity  (Hoddane  and  Lorrain  Smith),  f 

(b)  Precipitate  Hb  with  weak  tannic  acid,  and  observe  change  in  colour 
of  the  two  precipitates. 

*  "The  ActioD  of  CO  on  Man,"  Journ.  of  Phys.,  xviii.,  430,  463,  1895. 
■'c  Jouiii.  of  Phys.,  xxvi.,  497,  1901. 
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LESSON  VII. 

RED  BLOOD-CORPUSCLES— H^MOCTTOMBTEES. 

HiEMOGLOBINOMETERS  (W.  L.   of  Hb). 

Enumeration  of  corpuscles. — Several  forms  of  instruments  are 
in  use — e.g.,  those  of  Malassez,  Zeiss,  Bizzozero,  and  Gowers. 

1.  Gowers'  hsemocytometer  (fig.  27)  consists  of— 
(i)  A  small  pipette,  which,  when  filled  to  the  mark  on  its 
stem,  holds  995  c.mm.  (fig.  27,  A).      (2)   A  capillary  tube  to 


Fig.  27.— Gowers'  Hsemocytometer.  A.  Pipette  for  measuring  the  diluting  solution. 
B.  Tor  measuring  the  blood.  C.  Cell  with  divisions  on  the  floor,  mounted  on  a  slide, 
to  which  springs  are  fixed  to  secure  the  cover-glass.  D.  Vessel  in  which  the  solu- 
tion is  made.  .E.  Spud  for  mixing  the  blood  and  solution.  T.  Guarded  spear-pointed 
needles. 

hold  5  c.mm.  (B).  (3)  A  small  glass  jar  in  which  the  blood 
is  diluted  (D).  (4)  A  glass  stirring  rod  (E).  (5)  Fixed  to  a 
brass  plate  a  cell  i-  of  a  millimetre  deep,  and  with  its  floor 
divided  into  squares  J^  mm.,  in  which  the  blood-corpuscles  are 
counted.  The  diluting  solution  consists  of  a  solution  of  sodium 
sulphate  in  distilled  water — S.G.  1025. 

Process. — (a)  By  means  of  the  pipette  (A)  place  995  c.mm.  of 
the  diluting  solution  in  the  mixing  jar  (D). 
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(b)  Puncture  a  finger  near  the  root  of  the  nail  with  the  lancet 
projecting  from  (F),  and  with  the  pipette  (B)  suck  up  5  c.mm. 
of  the  blood,  and  blow  it  into  the  diluting  solution,  and  mix  the 
two  with  the  stirrer  (E). 

(c)  Place  a  drop  of  the  mixture  on  the  centre  of  the  glass  cell 
(C),  see  that  it  exactly  fills  the  cell,  and  cover  it  gently  with  the 
cover-glass,  securing  the  latter  with  the  two  springs.  Place  the 
cell  with  its  plate  on  the  stage  of  a  microscope,  and  focus  for 
the  squares  ruled  on  its  base. 

(d)  When  the  corpuscles  have  subsided,  count  the  number  in 
ten  squares,  and  this,  when  multiplied  by  10,000,  gives  the 
number  in  a  cubic  millimetre  of  blood. 

(e)  Wash  theinstrument  and  the  cell  with  distilled  water. 
Each  square  has  an  area  of  y-J^  of  a  square  mm.,  so  that  10 

squares  have  an  area  of  -^-^  of  a  square  mm.  As  the  cell  is  -l  mm. 
deep,  the  volume  of  blood  in  10  squares  T-^YTS^i~TU  ".mm.  Oh 
counting  the  number  of  corpuscles  in  10  squares,  and  multiplying 
by  50,  this  will  give  the  number  in  i  c.mm.  of  the  diluted  blood. 
On  multiplying  this  by  '^  °° °,  we  get  the  number  in  i  c.mm. 
before  dilution.  Thus  we  see  why  we  multiply  the  number  in 
10  squares  by  10,000  to  get  the  number  of  corpuscles  in  i  cmm. 
of  blood. 

2.  Thoma-Zeiss  HaBmocytometer  (fig.  28), — This  consists  of  (1.)  a  mixer 
or  dilution  pipette  graduated  from  o'l  to  0-5,  to  i,  and  to  loi,  with  a  bulb 
containing  a  glass  bead  ior  mixing  {S  M).  (ii. )  A  counting  chamber,  con- 
sisting of  a  small  raised  area  or  platform  ruled  into  squares,  each  one  of 
which  encloses  ^J^  mm.  square — i.e.,  each  has  a  side  of  ^  mm.  (fig.  28). 
Surrounding  this  is  a  trench  or  moat,  and  outside  a  rim  which  is  -^-^  mm. 
higher  than  the  central  plateau,  which  is  ruled  into  squares.  When  a 
cover-glass  rests  in  position  over  a  drop  of  blood,  the  layer  of  blood  is 
0"I  mm.  thick,  and  consequently  the  amount  of  blood  over  each  square  is 
■^t;  of  a  cubic  millimetre.  Groups  of  16  squares  are  marked  off  by  addi- 
tional lines. 

Process. — The  pipette  must  be  clean  and  dry,  and  the  diluting 
fluid  ready  (Gowers  or  Hayem's).  Then  puncture  the  finger 
or  lobe  of  ear  freely  with  a  sharp  triangular  needle.  Suck 
blood  into  the  pipette  up  to  the  mark  o'5  on  the  stem  of  the 
mixer.  Wipe  the  point  dry.  Suck  in  the  diluting  fluid  until 
the  mark  101  on  the  pipette  is  reached  (dilution  i  to  200). 
Mix  the  fluids  thoroughly  by  rolling  the  pipette  to  and  fro. 
Blow  out  a  few  drops  of  the  liquid  in  the  capillary  part  of  the 
pipette,  and  then  blow  a  drop  of  blood  on  the  ruled  platform. 
Cover  with  a  cover-slip,  taking  care  that  no  blood  passes  into 
the  trench.  Place  the  counting  slide  under  the  microscope 
(  X  300,  Zeiss  D).      Wait  a  minute  until  the  corpuscles  subside. 
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Newton's  coloured  rings  should  be  seen  between  the  cover-slip 
and  the  raised  margin.  Arrange  a  set  of  i6  squares  in  the 
field  and  count  all  the  corpuscles  in  these,  beginning  at  the 
left-upper  square,  the  eye  travelling  from  left  to  right.  Count 
all  corpuscles  lying  on  lines  bounding  the  left  and  upper  sides 
of  any  square.  By  way  of  compensation  omit  those  on  the  right 
and  lower  margins.  Write  down  the  number  in  i6  squares. 
Count  the  number  in  other  i6  squares,  and  again  in  a  third  set. 
■Suppose  the  numbers  were  respectively  91,  98,  and  99  =  288  for 
48  small  squares — i.e.,  6  to  each  square.      Each  square  has  a 


0 

OlOOmm. 

1 2! 

C  Zeiss 
Jena 

Jig.    28.— Thoma-Zeiss    Hamocytometer  (two -thirds   full   size).— a  and  b.   Counting 
chamber,    c,  Ruled  bottom  of  cell  magnified.    S  M,  Mixing  pipette. 

capacity  of  -^^^  c.mm.,  and  dilution  was   i  to  200.     The  total 
number  of  red  corpuscles  in  a  millimetre  will  be 

6  X  4000  X  200  =  4,800,000. 
The  normal  number  in  the  adult  male  is  taken  as  5,000,000  per 
cubic  mm. 

3.  Counting  leucocytes.^ — Collect  the  blood  in  the  same  way, 
but  use  the  large  bore  pipette,  so  that  the  dilution  is  i  to  20  or 
I  to  10,  using  0-3  p.c.  glacial  acetic  acid  as  the  diluting  fluid; 
tinged  it  may  be  with  methyl-green  or  methyl-violet  5  B ; 
slightly  stains  the  leucocytes.  The  acid  diluting  fluid  makes 
the  red  corpuscles  disappear.  Aspirate  blood  to  0-5,  and  dilute 
to  I  to  20— i.e.,  to  line  marked  11.  Count  the  white  corpuscles 
in  the  whole  set  of  16  large  squares  =  256  small  squares. 
Suppose  the  number  was  30,  we  get — 

~g   X   4000  V   20  =  9037. 

The  leucocytes  usually  number  about  7000  per  c.mm.,  or  i  to 
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700  red  corpuscles.  However  valuable  the  number  may  be, 
this  process  should  be  combined  with  the  study  of  film  prepar- 
ations of  blood,  to  enable  one  to  determine  which  variety  of 
leucocyte  is  really  altered  in  number  or  character. 


Fig.  29.— Oliver's  lisemocytometer  (Tintometer  Co.,  Ltd.,  Salisbury). 
4,  Oliver's  hSBmooytometer  (fig.  29,  use  in  dark  room). — The  apparatus 
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consists  of  (i)  a  graduated  flattened  tube ;  (2)  an  automatic  blood-measurer ; 
(3)  a  mixing  pipette  ;  (4)  a  candle;  and  (5)  a  bottle  of  Hayem's  solution. 

Process. — The  pipette,  previously  dried  by  drawing  a  thread  through  it, 
having  been  accurately  filled  with  blood,  the  rubber  nozzle  of  the  mixer 
filled  with  Hayem's  solution  is  then  appUed  over  its  bevelled  end,  and  the 
blood  is  thoroughly  washed  into  the  flattened  tube.  The  contents  of  the 
tube  are  then  uniformly  mixed  by  inverting  the  tube  a  few  times  with  the 
thumb  over  its  mouth,  care  being  taken  on  removing  the  thumb  to  draw  it 
over  the  lip  of  the  tube  so  as  to  restore  as  much  as  possible  the  fluid 
adhering  to  it.  The  observer  stands  10  ft.  from  the  flame  in  a  dark  room. 
Place  the  lower  end  of  the  tube,  with  'its  long  diameter  in  a  line  with  the 
candle,  in  the  concavity  between  thumb  and  forefinger,  so  as  to  make  as  it 
were  a  frame  for  it,  and  then  bring  this  part  of  the  tube  quite  dose  to  the 
eye.  The  observer  must  look  out  sharply  for  the  first  appearance  of  the 
transverse  line  of  light  which  dilution  brings  into  view,  and  the  earliest 
indications  are  obtained  by  turning  the  tube  on  its  axis,  when  the  line  will 
first  become  visible  at  the  sides  of  the  tube.  Read  off  the  height  of  the 
fluid.  As  100°  corresponds  to  the  normal  5,000,000  red  corpuscles  per 
cubic  millimetre,  each  degree  corresponds  to  50,000  red  corpuscles.  The 
instrument  has  been  standardised  with  a  Thoma-Zeiss  counter. 


j^  30.— A.  Pipette  bottle  for  distilled  water.    B.  Capillary  pipette.    C.  Graduated  tube. 
D.  Tube  with  standard  dilution.    F.  Lancet  for  pricking  the  finger. 

5.  Haemoglobinometer  of  Gowers  is  used  for  the  clinical  esti- 
mation of  hsemoglobin  (fig.  30).  The  tint  of  the  dilution  of  a 
given  volume  of  blood  with  distilled  water  is  taken  as  the  index 
of  the  amount  of  hsemoglobin.  The  colour  of  a  dilution  of 
average  normal  blood  (100  times)  is  taken  as  the  standard.  The 
quantity  of  hsemoglobin  is  indicated  by  the  amount  of  distilled 
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■water  needed  to  obtain  the  tint  with  the  same  volume  of  blood 
under  examination  as  was  taken  of  the  standard.  Owing  to  the 
instability  of  a  standard  dilution  of  blood,  tinted  glycerin  jelly  is 
employed.  The  apparatus  consists  of  two  glass  tubes  of  exactly 
the  same  size.  One  contains  (D)  a  standard  of  the  tint  of  a  dilu- 
tion of  20  c.mm.  of  blood,  in  2  c.c.  of  water  (i  in  100);  the  second 
tube  (0)  is  graduated,  100°  =  2  c.c.  (100  times  20  c.mm.). 

(a)  Place  a  few  drops  of  distilled  water  in  the  tube  (C). 

(6)  Puncture  the  skin  at  the  root  of  the  nail  with  the  shielded 
lancet  (F),  and  with  the  pipette  (B)  suck  up  20  c.mm.  of  the 
blood,  and  eject  it  into  the  distilled  water,  and  rapidly  mix  them. 

(c)  Add  distilled  water  drop  by  drop  from  the  pipette  stopper 
(A)  until  the  tint  of  the  dilution  is  the  same  as  that  of  the 
standard.  The  amount  of  water  which  has  been  added  {i.e.,  the 
degree  of  dilution)  indicates  the  amount  of  haemoglobin. 

"  Since  average  normal  blood  yields  the  tint  of  the  standard 
at  100°  of  dilution,  the  number  of  degrees  of  dilution  necessary 
to  obtain  the  same  tint  with  a  given  specimen  of  blood  is  the 
percentage  proportion  of  the  haemoglobin  contained  in  it,  com- 
pared to  the  normal.  For  instance,  the  20  c.mm.  of  blood  from 
a  patient  with  anaemia  gave  the  standard  tint  of  30°  of  dilution. 
Hence  it  contained  only  30  p.c.  of  the  normal  quantity  of  haemo- 
globin. By  ascertaining  with  the  haemocytometer  the  corpuscular 
richness  of  the  blood  we  are  able  to  compare  the  two.  A  fraction 
of  which  the  numerator  is  the  percentage  of  haemoglobin,  and 
the  denominator  the  percentage  of  corpuscles,  gives  at  once  the 
average  value  per  corpuscle.  Thus  the  blood  mentioned  above 
containing  30  p.c.  of  haemoglobin  contained  60  p.c.  of  corpuscles; 
hence  the  average  value  of  each  corpuscle  was  f§  or  half  of  the 
normal.  Variations  in  the  amount  of  haemoglobin  may  be 
recorded  on  the  same  chart  as  that  employed  for  the  corpuscles." 

The  quotient  of  the  percentage  of  Hb  over  the  percentage 
number  of  corpuscles  is  termed  the  "  worth ''  of  the  corpuscles. 

"  In  using  the  instrument,  the  tint  may  be  estimated  by 
holding  the  tubes  between  the  eye  and  the  window,  or  by  placing 
a  piece  of  white  paper  behind  the  tubes ;  the  former  is  perhaps  the 
best.  In  practice  it  will  be  found  that  during  6°  or  8°  of  dilution, 
it  is  difficult  to  distinguish  a  difference  between  the  tint  of  the 
tubes.  It  is  therefore  necessary  to  note  the  degree  at  which  the 
colour  of  the  dilution  ceases  to  be  deeper  than  the  standard,  and 
also  that  at  which  it  is  distinctly  paler.  The  degree  midway  be- 
tween these  two  will  represent  the  haemoglobin  percentage." 

(d)  Haldane's  modification. — T.  Haldane  (Joum.  of  Phys.,  xxvi.,  497, 
1 901)  points. out  the  difficulty  in  standardising  colour  glasses  or  picro- 
carmine.     He  uses  a  i  p.c.  solution  of  HbCO,  which  is  placed  in  D  and 
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hermetically  sealed.  C  holds  2'0  o.c,  and  both  C  and  D  are  accurately 
calibrated.  The  oxygen  capacity  of  Hb  is  taken  as  i8'5  p.o.  The  tube  is 
graduated  in  percentages  of  2  o.c.  "The  capillary  tube  holds  20  c.mm. 
(=0"02  CO.)  to  the  mark.  Hence,  if  blood  filling  it  is  ejected  into  B  and 
diluted  with  water  so  that,  after  mixing,  the  liquid  stands  at  the  mark  100, 
a  I  p.c.  solution  of  the  blood  is  obtained;  and  this  solution,  if  the  blood  be 
exactly  normal,  will,  after  saturation  with  CO  or  coal  gas,  have  the  same 
tint  as  the  solution  in  A.  If  the  blood  contains  more,  or  less,  than  the 
normal  proportion  of  hsemoglobin  the  dilution  required  to  match  the  tint 
of  A  will  be  proportionally  greater  or  less,  the  height  of  the  liquid  indi- 
cating the  percentage  of  the  normal. 

"Before  using  a  lancet  it  is  sterilised  in  a  gas  flame  or  spirit  lamp.  It 
is  held  between  the  forefinger  and  thumb,  leaving  suificient  of  the  point 
projecting  to  make  the  puncture. 

"  A  small  tube  and  cap  for  attachment  to  a  gas  burner  is  provided,  and 
serves  to  deliver  gas  for  saturating  the  diluted  blood  with  CO. 

"  Method  of  Use. — Sufiicient  water  is  first  placed  in  the  graduated  tube 
to  dilute  the  blood  so  far  as  safely  possible.  A  puncture  is  then  made  in  a 
finger  or  the  lobe  of  an  ear,  and  the  capillary  pipette  (which  must  be  clean 
and  dry)  at  once  filled  to  a  little  beyond  the  mark  20  from  the  drop  of 
blood  obtained.  ,  The  point  of  the  pipette  is  wiped,  and  dabbed  on  any 
convenient  surface  until  the  contained  blood  stands  exactly  at  the  mark. 
The  blood  is  then  gently  blown  out  into  the  graduated  tube,  where  it 
sinks :  the  pipette  is  rinsed  with  the  water  in  the  graduated  tube  and 
withdrawn.  The  piece  of  rubber  tube  attached  to  a  gas. burner  is  now 
introduced  into  the  graduated  tube  to  near  the  level  of  the  water,  and  gas 
allowed  to  pass  for  a  few  seconds.  As  the  tube  is  withdrawn  (with  the 
gas  still  passing)  the  end  is  closed  with  the  forefinger,  and  the  liquid  made 
to  pass  up  and  down  in  the  tube — not  violently  shaken — at  least  a  dozen 
times,  so  as  to  saturate  the  hsemoglobin  with  CO.  During  this  manipula- 
tion the  tube  is  held  in  a  handkerchief,  otherwise  it  will  become  heated 
and  liquid  will  spurt  out  when  the  finger  is  withdrawn.  Water  is  now 
added  drop  by  drop  with  the  pipette  stopper,  the  tube  after  each  addition 
being  inverted,  until  the  point  is  reached  at  which  the  tints  of  the  liquids 
in  the  two  tubes  are  just  equal.  In  judging  of  the  equality  the  tubes 
should  be  held  against  the  light  from  the  sky,  or,  if  artificial  light  be  used, 
from  an  opal  glass  shada  It  is  also  absolutely  necessary  to  transpose  the 
tubes  repeatedly :  otherwise  serious  errors  may  arise.  The  level  is  read 
oflf  on  the  graduated  tube  after  half  a  minute  has  elapsed  since  the  last 
drop  added  was  mixed  with  the  rest  of  the  liquid  by  inverting  the  tube. 
The  observation  is  repeated  after  the  addition  of  another  drop  of  water, 
and  if  necessary  another,  until  the  point  is  reached  when  the  tints  are 
again  unequal.  The  true  result  is  the  mean  of  the  readings  giving  equality. 
The  error  in  any  single  determination  ought  not  to  exceed  i  p.  c. 

"The  result  obtained  is  the  percentage  actually  present  of  the  average 
proportion  of  hsemoglobin  in  the  blood  of  healthy  adult  men.  The  blood 
of  healthy  men,  however,  contains  more  haamoglobin  on  an  average  than 
the  blood  of  healthy  women  or  children.  Women  give  an  average  of  89 
I.e.,  and  children  of  87  p.c.  of  the  proportion  in  men.  The  results  may 
je  expressed  in  terms  of  oxygen  capacity  (the  number  of  volumes  of  oxygen 
taken  up  in  combination  from  air  by  100  volumes  of  blood)  if  it  be  borne 
in  mind  that  100  p.c.  on  the  scale  corresponds  to  an  oxygen  capacity  of 
i8'5."    The  apparatus  is  made  by  Hawksley. 

6.  Oliver's  hsemoglobinometer  (fig.  31).     Use  in  dark  room. 
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Fig.  31.— Oliver's  hcemoglobinometer.— n,  Standard  gradatiOEa.TS,  Lancet,  c,  Capillary 
measuring  pipette,  d,  Mixing  pipette,  e.  Blood-cell  and  cover-glass.  (Tintometer 
Co.,  Ltd.,  Salisbniy.) 
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The  method  depends  on  the  comparison  of  suitably  diluted  blood  in  a 
shallow  white  vessel,  with  standard  tests  prepared  by  Lovibond's  colour- 
glasses  (The  Tintometer  Co. ,  Salisbury). 

Apparatus. — (i)  Automatic  blood-measurer;  (2)  mixing  pipette;  (3) 
the  blood-cell  and  cover-glass,  the  latter  of  faint  blue  glass ;  (4)  the  sets 
of  standard  colour  gradations;  (5)  riders;  (6)  camera  tube;  (7)  light, 
(Christmas  candle) ;  (8)  bottle  of  antiseptic  fluid,  lancet,  needles,  and 
thread. 

Process. — The  bore  of  the  blood-measurer  is  dried  out  by  passing  through 
it  a  needle  threaded  with  darning  cotton,  and  then  the  point  is  presented 
to  the  drop  of  blood  obtained  by  pricking  the  lobe  of  the  ear  or  finger. 
Any  blood  adhering  to  either  end  must  be  carefully  wiped  away  with  the 
finger.  The  rubber  nozzle  of  the  mixing  pipette,  charged  with  water,  is 
adjusted  over  the  polished  end  of  the  pipette,  and  the  blood  is  washed  into 
the  blood-cell  by  pressing  through  the  water  drop  by  drop.  The  handle  of 
the  pipette  is  then  used  as  a  stirrer,  and  the  further  additions  of  water  are 
made  to  impinge  on  it,  for  it  serves  to  graduate  the  size  of  the  drops 
required  to  accurately  fill  the  cell.  It  is  easy  to  do  this  when  the  observer 
catches  the  reflection  of  a  window  on  the  surface  of  the  fluid.  A  final 
thorough  mixing  with  the  handle  will  be  required,  and  perhaps  another 
slight  addition  of  water  may  be  necessary  to  secure  a  level  filling.  The 
cover-glass  is  then  adjusted,  when  a  small  bubble  should  form,  showing 
that  the  cell  is  overfilled.  The  blood-cell  is  then  placed  by  the  side  of 
the  standard  gradations.  The  eye  quickly  recognises  its  approximate 
position  on  the  scale.  Place  the  lighted  candle  about  10  cm.  equidistant 
from  the  blood-cell  and  standard.  Then  the  camera  tube  will  more 
accurately  define  it.  Do  not  look  longer  at  a  time  than  10  seconds.  If  it 
is  found  that  the  blood  solution  is  matched  in  depth  of  colour  by  one  of  the 
standard  grades,  the  observation  is  at  an  end ;  but  if  it  is  observed  to  be 
higher  than  one  gradation,  but  lower  than  that  above  it,  the  blood-cell  is 
placed  opposite  to  the  former,  and  the  riders  (not  shown  in  illustration)  are 
added  to  complete  the  estimation. 

7.  Fleisohl's  hsemometer  (fig.  32)  consists  of  a  horse-shoe  stand,  with 
a  pillar  bearing  a  reflecting  surface  (S)  and  a  platform.  Under  the  table 
or  platform  is  a  slot  carrying  a  glass  wedge  stained  red  (K),  and  moved  by 
a  wheel  (R).  On  the  platform  (M)  is  a  small  cylindrical  vessel  (G),  divided 
into  two  compartments  (a  and  a')  by  a  vertical  septum.  In  one  compart- 
ment is  placed  pure  water,  and  in  the  other  the  blood  to  be  investigated. 
A  scale  (P)  on  the  slot  of  the  instrument  enables  one  to  read  off  directly 
the  percentage  of  hsemoglobin. 

(a)  Fill  with  a  pipette  the  compartment  (a')  with  distilled  water,  and  see 
that  the  surface  of  the  water  is  level  with  the  top  of  the  cylinder.  Fill  the 
other  compartment  (a),  that  for  the  blood,  about  one-quarter  with  distilled 
water. 

(6)  Prick  the  finger,  and  fill  the  short  automatic  capillary  pipette  tube 
with  blood.  Its  capacity  is  6-5  c.mm.  In  filling  the  tube  hold  it  horizon- 
tally. See  that  no  blood  adheres  to  the  surface  of  the  tube.  This  can  be 
done  by  having  the  pipette  slightly  greasy  on  the  outer  surface. 

(c)  Dissolve  the  blood  obtained  in  (6)  in  the  water  of  the  blood  compart- 
ment (a),  washing  out  every  trace  of  blood  from  the  pipette.  Mix 
thoroughly.  Clean  the  pipette.  Fill  the  blood  compartment  exactly  to 
the  snrface  with  distilled  water. 
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[d)  Arrange  a  candle  in  front  of  the  reflector  (S) — ^which  is  white,  and 
with  a  smooth  matt  surface  made  of  plaster-of-Paris — so  as  to  throw  a 
beam  of  light  vertically  through  both  compartments.  Look  down  vertically 
upon  both  compartments,  and  move  the  wedge  of  glass  by  the  milled  head 
(T)  until  the  colour  in  the  two  compartments  is  identical.  Read  off  the 
scale,  which  is  so  constructed  as  to  give  the  percentage  of  haemoglobin. 


Hg.  32.— rieischl's  hsemometer. 

8.  Hsemoglobin  scale. — T.  W.  Tallqvist,  Helsingfors,  has  recently 
introduced  a  colour  scale  test.  Special  paper  is  used  to  soak  up  the 
blood,  and  immediately  after  the  blood  dries  and  has  lost  its  humid  gloss, 
its  colour  is  compared,  in  direct  daylight,  with  the  colour  scale  which  is 
supplied  with  the  porous  papers.     (Lesson  V.,  18.) 

9.  Isotonic  solutions. — When  defibrinated  blood  is  mixed  with  a 
watery  solution  of  a  neutral  salt — e.g.,  NaCl,  according  to  the  strength  of 
the  solution,  the  volume  of  each  red  corpuscle  may  be  increased  or 
diminished.  For  each  animal's  blood  there  is  a  certain  concentration  of 
the  saline  solution  (usually  about  075  p.c.  NaCl)  which  does  not  a£fect 
the  size  of  the  corpuscles.  Such  a  solution  is  said  to  be  isotonic  with 
blood  serum.  Hyperisotonic  solutions  diminish  the  size  of  the  red  cor- 
puscles, and  hypoisotonic  increase  their  size.  The  Hb  may  pass  into 
solution  (Hamburger's  method). 


Additional  Exercises. 

Determination  of  wave-lengths. — Use  Zeiss's  spectroscope,  which  is 
-provided  with  an  illuminated  scale  for  this  purpose. 
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I.  W.L.  of  absorption  bands  of  oxy-lisBmoglobiii.— (a)  Arrange  appar- 
atus as  shown  in  fig.  33.  A  is  the  telescope  through  which  the  observer 
looks  at  the  spectrum  obtained  by  the  light  passing  through  B,  and  dis- 
persed by  the  flint-glass  prism  in  the  centre  of  the  apparatus.  In  C  is 
fixed  a  scale  photographed  on  glass  and  illuminated  by  a  fan-tailed  burner. 
D  is  the  hsematinometer  containing  the  dilute  blood. 

(6)  Place  black  velvet  over  the  prism ;  light  both  lamps ;  look  through 
A ;  adjust  the  slit  in  B,  and  the  telescope  in  A,  so  as  to  get  a  good  view  of 
the  spectrum,  and  over  it  the  image  of  the  scale.  D  is  supposed  not  to  be 
in  position  at  first.  On  platinum  wire,  burn  NaCl  in  the  flame  to  get  the 
yellow  sodium  line  D.  Adjust  the  scale  so  that  this  line  corresponds  to 
the  figures  58-9  on  the  scale,  and  fix  the  spectroscope  tubes  (A  and  C)  in 
this  position  ;  the  scale  is  now  accurately  adjusted  for  all  other  parts  of  the 
spectrum. 


Kg.  33- — Arrangement  ol  the  Spectioscope  for  determining  wave-lengths.— A,  Telescope. 
B,  Collimator  tube.    C,  Scale  tube.    D,  Hsematinometer. 

"  The  numbers  on  the  scale  indicate  wave-lengths  expressed  in  one 
hundred  thousandths  of  a  millimetre,  and  each  division  indicates  a  differ- 
ence in  wavelength  equal  to  one  hundred  thousandth  of  a  millimetre" 
(Gamgee). 

Thus,  Fraunhofer's  line,  D,  which  corresponds  to  division  58-9  of  the 
scale,  has  a  wave-length  of  589  millionths  of  a  millimetre.  The  wave- 
lengths of  Fraunhofer's  lines  are: — A  =  76o'4,   B  =  687-4,   C  =  6567, 

D  =  5894,  E  =  527-3.  F  =  486-5.,      .  ,    „  .    , 

(c)  Using  a  blank  map  supplied  with  Zeiss  s  spectroscope  —  the  maps 
correspond  to  the  scale  seen  in  the  spectroscope— fill  in,  in  wave-lengths, 
the  position  of  Fraunhofer's  lines  B  to  F. 
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{d)  Four  dilated  solation  of  blood  or  haemoglobin— i  part  in  looo  of 
water — into  a  hssmatinometer,  D.  Place  the  latter  between  the  flame  and 
the  spectroscope  (fig.  33).  The  spectrum  shows  the  two  absorption  bands 
of  oxy -haemoglobin  between  D  and  E.  The  narrower,  sharper,  and  darker 
band  near  D  has  its  centre  corresponding  with  the  W.L.  579,  and  it  may 
conveniently  be  expressed  by  the  letter  a  of  the  ozy-hsemoglobin  spectrum. 

The  other  absorption  band  near  E  (/3)  is  broader,  not  so  dark,  and  has 
less  sharply  defined  edges  than  a.  Its  centre  corresponds  to  the  W.  L,  543  '8. 
The  other  parts  of  the  spectrum  are  visible,  there  being  only  slight  cutting 
off  of  the  red,  and  a  slightly  greater  absorption  of  the  violet. 

(e)  Using  a  stronger  blood-solution,  observe  how  the  two  bands  become 
fused  into  one,  while  more  and  more  of  the  red  and  violet  of  the  spectrum 
are  absorbed  as  the  solution  ii  made  stronger,  until  finally  only  a  little  red 
light  is  transmitted. 


Fig.  34.— Spectra  of  Oxy-Haemoglobin  (i,  2,  3,  4),  i  =  o-i,  2  =  0-2,  3  =  -37,  4  =  -8  p.c.  of 
Oxy-Hsemoglobin,  HsBmoglobin,  (5),  and  Carbonic  Oxide  HsBmoglobin  (6).  Wave- 
lengths added.  The  numbers  attached  to  the  scale  indicate  V.l.  expressed  in 
ioo,ooothB  of  a  millimetre. 

II.  W.L.  of  absorption  band  of  reduced  Hb. — (et)  Adjust  the  ap- 
paratus as  before,  but  reduce  HbOj  solution  with  Stokes'  fluid — noticing 
the  change  of  the  colour  to  purplish  or  claret — imtil  a  solution  is  obtained 
which  gives  the  single  characteristic  absorption  band  of  reduced  Hb.  This 
is  usually  obtained  with  a  solution  of  Hb  of  about  0'2  p.c. 

(b)  Observe  a  single  absorption  band  less  deeply  shaded,  and  with  less 
defined  edges  between  D  and  E— i.e.,  a  band,  which  extends  between  W.L. 
S9S  and  538,  and  is  not  quite  intermediate  between  D  and  E,  is  blackest 
opposite  W.L.  550,  so  that  it  lies  nearer  D  than  E.  Both  ends  of  the 
spectrum  are  more  absorbed  than  with  a  solution  of  HbO^  of  the  same 
strength.  On  further  dilution  the  band  does  not  resolve  itself  into  two, 
but  diminishes  in  width  and  intensity  (fig.  34,  5), 
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m.  Bands  of  carbonic  oxide  bsemoglobin  {W,L. ).—(«)  Use  a  dilute  / 
solution  of  HbCO  with  two  characteristic  absorption  bands,  a  and  |3 —  ( 
like  those  of  HbOj — but  both  are  very  slightly  more  towards  the  violet.  ' 
a  extends  from  about  W.L.  5S7  to  564,  and  /3  from  547  to  529. 

(6)  No  reduction  by  reducing  agents  on  adding  (NH^JaS  or  Stokes'  fluid 
(fig.  34,  6). 


F  as 

Fig.  35.— Spectra  of  some  of  the  Derivatives  of  Esemoglobin.    i.  Heematin  in  alkaline  . 
solution.    2.  The  same,  but  more  concentrated.    3.  Hsemochiomogen.    4.  Methsemo- 
globin.    5.  Acid  hsematin  (acetic  acid).    6.  Acid  heematin  in  ethereal  solution. 
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SALIVARY    DIGESTION. 

1.  Mixed  saliva. — (o)  Rinse  out  the  mouth  with  water.  Inhale 
the  vapour  of  ether,  glacial  acetic  acid,  or  even  cold  air  through 
the  mouth,  which  causes  a  reflex  secretion  of  saliva.  In  doing 
so,  curve  the  tongue  so  as  to  place  its  tip  behind  the  incisor 
teeth  of  the  upper  jaw.  Or  cliew  a  piece  of  india-rubber  or  pure 
paraffin.  In  a  test-glass  collect  the  saliva  with  as  few  air-bubbles 
as  possible.  If  it  be  turbid  or  contain  much  froth,  pass  it 
through  a  small  filter  perforated  at  its  apex  by  a  pin-hole. 

(6)  Salivary  extract.  — Instead  of  saliva  an  aqueous  solution  of  a  ptyalin- 
yielding  gland  may  be  used — e.g.,  parotids  of  rabbit  extracted  for  several 
hours  and  the  opalescent  extract  filtered.  Label  "  Salivary  extract." 
The  proteids  present  are  apt  to  obscure  the  sugar  reaction. 

Neither  saliva  nor  the  salivary  extract  reduce  CuSO^.  The 
specific  ferment  present  is  the  amylolytic  or  diastatic  ferment 
ptyaliu,  which  ultimately  converts  boiled  starch  into  a  reducing 
sugar,  maltose.  The  amylolytic  action  is  greatest  in  the  saliva 
collected  before  breakfast. 


2.  Microscope. — With  a  high  power  observe  the  presence  of 
(i)  squamous   epithelium, 


(2 )  salivary  corpuscles  (8  to 
ii/U.),  (3)  perhaps  debris  of 
food,  (4)  possibly  air-bub- 
bles, and  (5)  fungi — espe- 
cially various  forms  of  bac- 
teria (fig.  36). 

3.  Characters  (S.  G.  1002 
to  1006). — It  is  a  slimy, 
thickish  slightly  opalescent 
or  clear  fluid  mixed  usually 
with  air-bubbles. 

(a)  On  standing,  it  separates  into  two  layers ;  the  lower  one 
is  cloudy  and  turbid,  and  contains  in  greatest  amount  the 
morphological  constituents. 

(6)  Its  reaction  is  alkaline  to  neutral  litmus  paper,  to  lacmoid, 
but  it  reacts  acid  to  phenolphthalein.  The  alkalinity  is  due  to 
hydrogen  alkali  phosphates.     It  contains  no  sodium  carbonate. 


'MIC? 

Fig.  36. — Microscopic  appearances  of  saliva. 
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(c)  Add  acetic  acid  =  a  precipitate  of  mucin  not  soluble  in 
excess.     Filter. 

(d)  With  the  filtrate  from  (c),  test  for  traces  of  proteids 
(serum-albumin  and  globulin)  with  the  xanthoproteic  reaction 
and  Millon's  test,  or  add  a  drop  of  strong  solution  of 
ferrocyanide  of  potassium.  The  slight  precipitate  is  due  to 
a  trace  of  proteids. 

(e)  To  a  few  drops  of  saliva  in  a  porcelain  vessel  add  a  drop  of 
dilute  HCl  and  then  dilute  ferric  chloride  =  a  red  colouration 
due  to  potassic  sulpho-cyanate.  The  colour  does  not  disappear 
on  heating,  or  on  the  addition  of  an  acid,  but  is  discharged  by 
mercuric  chloride.  Meconic  acid  yields  a  similar  colour,  but  it 
is  not  discharged  by  mercuric  chloride.  Th«  sulpho-cyanate  is 
present  only  in  parotid  saliva,  and  is  generally  present  in 
mixed  saliva.  Pure  saliva  yields  characteristic  results  with 
xanthoproteic,  Millon,  and  OuSO^  +  NaHO,  due  chiefly  to 
mucin. 

(/)  Compare  very  dilute  potassic  sulpho-cyanate  with  (e). 

[g)  OscheidUn's  method.  Dip  filter  paper  in  weak  acidulated  (HCl) 
ferric  chloride  solution,  and  allow  it  to  dry.  Contact  with  a  drop  of  saliva 
gives  a  reddish  stain. 

(h)  The  salts  are  tested  for  in  the  usual  way  (see  "Urine"). 
Test  for  chlorides  (HNO3  and  AgNOg),  carbonates  (acetic  acid), 
and  sulphates  (barium  chloride  and  nitric  acid). 

(i)  Nitrites  are  sometimes  present.  Add  saliva  to  starch  paste,  con- 
taining a  little  H2SO4  and  KI.  Nitrites  if  present  give  an  intense  blue 
colour. 

[})  Add  dilute  H2SO4,  and  then  meta-diamido-benzol.  Yellow  colour 
indicates  the  presence  of  nitrites.  This  reaction  does  not  succeed  in  all 
cases. 

4.  Digestive  action — Starch  solution. — Make  a  0*5  p.c.  solution 
of  potato-starch  (i  grm,  to  200  boiling  water).  To  get  rid  of 
air-bubbles  filter  through  a  filter  perforated  at  its  apex  by  a 
pin-hole. 

5.  Action  of  saliva  on  starch  (Ftyalin,  a  diastatic  enzyme). 

(a)  Dilute  saliva  with  5  volumes  water,  and  filter  it. 

(0)  Label  three  test-tubes  A,  B,  and  C.  In  A  place  starch 
mucilage,  in  B  saliva,  and  in  C  i  volume  of  saliva  and  3  volumes 
of  starch  mucilage.  Place  them  in  a  water^bath  at  40°  0.  for 
10  minutes.  Test  for  a  reducing  sugar  in  portions  of  all  three, 
by  Pehling's  or  Trommer's  test.  A  and  B  give  no  evidence 
of  sugar,  while  C  reduces  the  Pehling,  giving  a  yellow  or  red 
deposit  of  cuprous  oxide.     Therefore,  starch  is  converted  into 
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a  reducing  sugar  by  the  saliva.     This  is  done  by  the  ferment 
ptyalin  contained  in  it. 

(c)  Test  C  with  solution  of  iodine;  if  no  blue  colour  is 
obtained  all  the  starch  has  disappeared,  being  converted  into  a 
reducing  sugar  or  maltose. 

(d)  Place  thick  starch  mucilage  in  test-tubes  A  and  B.  Keep 
A  for  comparison,  add  saliva  to  B,  and  keep  both  at  40°  C.  A  is 
unaffected,  while  B  soon  becomes  fluid  and  loses  its  opalescence ; 
this  liquefaction  is  a  process  quite  antecedent  to  the  saccharifying 
process  which  follows. 

(e)  Mix  crumbs  of  bread  with  salivary  extract,  and  incubate 
at  40°.  Disintegration  of  the  bread  takes  place,  and  a  marked 
increase  in  the  amount  of  reducing  sugar. 

6.  Stages  between  starcli  and  maltose — Course  of  salivary 
digestion. — Mix  starch  and  saliva  as  in  5  (a)  0,  and  place  in  a 
water-bath  at  40°  C.  At  intervals  of  2  minutes  take  a  drop  of  the 
liquid  and  add  it  to  a  drop  of  iodine  solution  on  a  white 
porcelain  plate. 

Note  the  following  stages  : — At  first  there  is  pure  blue  with 
iodine  due  to  the  soluble  starch  formed  giving  also  a  blue  with 
iodine,  later  a  deep  violet,  showing  the  presence  of  erythro- 
dextrin,  the  violet  resulting  from  a  mixture  of  the  red  produced 
by  the  dextrin  and  the  blue  of  the  starch.  Then  the  blue 
reaction  entirely  disappears,  and  a  reddish-brown  colour,  due  to 
erythro-dextrin  alone,  is  obtained.  After  this  the  reaction 
becomes  yellowish-brown,  and  finally  there  is  no  reaction  with 
iodine  at  all,  achroo-dextrin  being  formed — the  achromic  point — 
along  with  a  reducing  sugar  or  maltose.  The  latter  goes  on 
forming  after  iodine  has  ceased  to  react  with  the  fluid,  and  its 
presence  is  easily  ascertained  by  Fehling's  solution.  The  soluble 
starch  is  precipitated  by  alcohol,  while  maltose  is  not.  In  this 
way  this  body  may  be  separated.  Saturation  with  (NHJjSO^ 
precipitates  the  starch  and  soluble  starch,  but  not  the  erythro- 
dextrin  or  maltose. 

7.  Conditions  affecting  salivary  digestion. — (a)  Label  three  test-tubes 
A,  B,  and  C.  Place  in  A  saliva,  boil  it,  and  add  sbarch  mucilage.  In  B  and 
C  place  starch  mucilage  and  saliva,  to  B  add  a  few  drops  of  hydrochloric 
acid  (to  o'3  p.c),  and  to  0  caustic  potash.  Place  all  three  in  a  water-bath 
at  40°  C,  and  after  a  time  test  them  for  sugar  by  Fehling's  solution.  No 
sugar  is  formed — in  A  because  the  ferment  was  destroyed  by  boiling,  and  in 
B  and  C,  because  strong  acids  and  alkalies  arrest  the  action'  of  ptyalin  on 
starch. 

{&)  If  a  test-tube  containing  starch  mucilage  and  saliva  be  prepared  as 
in  5  (a)  C,  and  placed  in  a  freezing  mixture,  the  conversion  of  starch  into 
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a  reducing  sugar  is  arrested ;  but  the  ferment  is  not  destroyed,  for  on 
placing  the  test-tube  in  a  bath  at  40°  C,  the  conversion  is  rapidly  eflfected. 
Hence  a  temperature  of  0"  G.  only  arrests,  but  does  not  destroy  {Ae  action  of 
saliva. 

(c)  Mix  raw  starch  with  saliva  and  keep  it  at  40°  C.  Test  it  after  half 
an  hour,  when  little  or  no  sugar  will  be  found. 

{d)  To  5  CO.  of  neutralised  saliva  add  5  e.c.  o'2  p.o.  HCl  (mixture  = 
O'l  p.c.  HCl).  Keep  at  40°  for  10  minutes.  Neutralise  with  4  c.c.  o"4  p.c. 
NajCOg.  Add  starch  solution  and  keep  at  40°.  No  sugar  will  be  formed, 
as  the  mineral  acid  has  destroyed  the  ptyalin. 

Additional  Exercises. 

8.  Starch  is  a  colloid.     Sugar  is  a  crystalloid  and  dialyses. 

(os)  Place  in  a  sausage  parchment  tube  20  c.c.  starch  mucilage  (A),  and 
into  another  starch  mucilage  with  saliva  (B).  Suspend  A  and  B  in  distilled 
water  in  separate  vessels.     Sugar  dialyses,  starch  does  not. 

(6)  After  some  hours  test  the  diffusate  in  the  distilled  water.  No  starch 
will  be  found  in  the  diffusate  of  either  A  or  B,  but  sugar  will  be  found  in 
that  of  B,  proving  that  sugar  dialyses,  while  starch  does  not.  Hence  the 
necessity  of  starch  being  converted  into  a  readily,  diffusible  body  during 
digestion. 

9.  Action  of  malt-extract  on  starch. 

(a)  Bub  up  10  grms.  of  starch  with  30  c.c.  of  distilled  water  in  a  mortar, 
add  200  c.c.  of  boiling  water,  and  make  a  strong  starch  mucilage. 

(b)  Powder  5  grms.  of  pale  low-dried  malt,  and  extract  it  at  50°  C.  for  half 
an  hour  with  30  c.c.  of  distilled  water,  and  filter.     Keep  the  filtrate. 

(c)  Place  the  starch  paste  of  (a)  in  a  flask,  and  cool  to  60°  C,  add  the 
extract  of  (6),  and  place  the  flask  in  a  water-bath  at  60°  C. 

(d)  Observe  that  the  paste  soon  becomes  fluid,  owing  to  the  formation  of 
soluble  starch,  and  if  it  be  tested  from  time  to  time  (as  directed  in  6),  it 
gives  successively  the  tests  for  starch  and  erythro-dextrin.  Continue  to 
digest  it  until  no  colour  is  obtained  with  iodine — i.e.,  until  all  starch  and 
erythro-dextrin  have  disappeared. 

(e)  Take  a  portion  of  {d]  and  precipitate  it  with  alcohol  =  achroo- 
dextrin.     The  liquid  also  contains  maltose  (/). 

(/)  Boil  the  remainder  of  the  fluid,  cool,  filter,  and  evaporate  the  filtrate 
to  20  CO.  Add  6  volumes  of  90  p.c.  spirit  to  precipitate  the  dextrin ;  boil, 
filter,  and  concentrate  to  dryness  on  a  water-bath,  and  dissolve  the  residue 
in  distilled  water.  The  solution  is  maltose  (CiaHjoOn  +  H^O).  If  the 
alcoholic  solution  be  exposed  to  air,  crystals  of  maltose  are  formed. 

10.  Compare  the  reducing  power  of  maltose  and  dextrose. 

(a)  With  Fehling's  solution  estimate  the  reducing  power  of  the  solution 
obtained  in  9  (/).     (See  "  Urine. ") 

(6)  Boil  in  a  flask  for  half  an  hour  50  c.  c.  solution  of  maltose  with  50.0. 
HCl.  Neutralise  with  NaHO,  make  up  the  volume  to  50  c.c,  and  deter- 
mine by  Fehling's  solution  the  reducing  power.  The  acid  has  converted 
the  maltose  into  dextrose,  and  the  ratio  of  the  former  estimation  (a)  to  the 
present  one  should  be  65  to  100. 

(c)  The  reducing  power  of  pure  dextrose  treated  as  in  (2>)  is  not  affected. 
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11.  Drugs  on  salivary  action  (after  Sollmann). — Test  the  effect  of 
several  of  the  following  on  salivary  digestion  of  starch.  Carbolic  acid 
I  p.c.  and  5  p.c.  Saturated  watery  solution  of  any  of  the  following : — 
Salicylic,  benzoic,  boric  acid.  Alcohol  lo  and  50  p.c.  (stopper  these  test- 
tubes).     HgClj,  2  :  1000.     Quinine  bisulphate  i  and  2  p.c.     Water. 

Put  in  each  test-tube — 

I  vol.  boiled  starch,  2  p.c.  J  vol.  saliva. 

[     „     NajCOj,  5  p.c.  2\  vols,  of  drug. 

Shake  and  set  in  water -bath  at  40°  for  an  hour.  Compare  activity  of 
digestion  thus  : — Add  to  each  tube  an  equal  volume  of  10  p.c.  NaOH,  and 
boil  for  2  minutes.  The  depth  of  colour  roughly  corresponds  to  the  amount 
of  digestion. 

The  action  of  saliva  on  actual  articles  of  diet  is  omitted  here.  (See 
Digestion  and  Diet,  by  Sir  William  Roberts,  2nd  edit.,  1897.) 

Note  that  mixed  saliva,  whether  collected  by  mechanical  stimulation  or 
without  effort,  varies  both  in  composition  and  amylolytic  power.  With 
mechanical  stimulation  after  alcohol  or  ether,  the  saliva  secreted  contains 
more  alkaline-reactiag  salts  and  more  ferment.  More  mucus  is  obtained 
with  chemical  stimuli.  ("Variations  in  power  and  composition  of  saliva," 
Chittenden  and  Richards,  Amer.  Joum.  ofPhya.,  i.,  461,  1898.) 


LESSON"  IX. 
GASTRIC    DIGESTION. 


Gastric  juice  has  an  acid  reaction  due  to  the  presence  of  free 
HCl,  and  consists  essentially  of  a  watery  solution  of  hydro- 
chloric acid,  the  ferments  pepsin  and  rennin,  and  certain  salts. 
Both  a  free  acid — preferably  dilute  HCl — and  pepsin  are  neces- 
sary for  the  gastric  digestion  of  proteids.  There  seems  to  be 
some  special  relation  between  the  HCl  and  pepsin,  sometimes 
written  "pepsin -acid."  Approximately,  it  contains  99^4  p.c. 
water  and  0'6  p.c.  of  solids.  Of  the  latter  0-33  are  organic 
(chiefly  pepsin)  and  0-02  to  0-2  >p.c.  free  HCl,  o-i  NaCl,  and  the 
remainder  chiefly  other  chlorides  and  phosphates.  S.G.  1002 
to   1006. 

1.  Artificial  gastric  jnice. — (a)  Take  part  of  the  cardiac  end 
of  the  pig's  stomach,  which  has  been  previously  opened  and 
washed  rapidly  in  cold  water,  and  spread  it,  mucous  surface 
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upwards,  on  the  convex  surface  of  an  inverted  capsule.  Scrape 
this  surface  firmly  with  a  scalpel,  and  rub  up  the  scrapings  in 
a  mortar  with  fine  sand.  Add  water,  and  rub  up  the  whole 
vigorously  for  some  time,  and  filter  through  linen.  The  filtrate 
is  an  aqueous  solution  of  pepsin.  It  is  better,  however,  not  to 
filter  but  to  add  an  equal  volume  of  o'2  p.c.  HCl  and  leave  it 
to  extract  for  24  hours.  Strain  through  linen  or  cotton  wool. 
Label  Acidulated  aqueous  extract  of  pepsin.  It  is  used  as  an 
artificial  gastric  juice  when  diluted  with  3  vols,  of  ci  p.c.  HCl. 
(6)  V.  Wittich's  method. — From  the  cardiac  end  of  a  pig's 
stomach  detach  the  mucous  membrane  in  shreds,  dry  them 
between  folds  of  blotting-paper,  place  them  in  a  bottle,  and 
cover  them  with  strong  glycerin  for  several  days.  The  glycerin 
dissolves  the  pepsin,  and  on  filtering  through  fine  linen  a 
glycerin  extract  is  obtained,  which  keeps  indefinitely.  Add, 
when  it  is  to  be  used,  10  to  20  vols,  of  a  0-2  p.c.  of  HOI. 

(c)  Kuhne's  method. — ^Plaoe  I30grms.  of  the  cardiac  mucous  membrane 
of  a  pig's  stomach  in  5  litres  of  water  containing  80  c.c.  of  25  p.c.  HCl — 
i.e.,  0'2  p.c.  Heat  for  twelve  hours  at  40° C.  Almost  all  the  mucous 
membrane  is  dissolved.  Strain  through  flannel  and  then  filter.  This  is 
a  powerfully  peptic  fluid,  but  it  contains  peptones.  It  can  be  kept  for  a 
long  time.  The  test  of  an  active  preparation  of  gastric  juice  is  that  a 
thread  of  fibrin,  when  placed  in  the  fluid  and  warmed,  should  be  dissolved 
in  a  few  minutes. 

{d)  Benger's  liquor  pepticus,  or  the  pepsin  of  Burroughs, 
Wellcome  &  Co.,  or  that  of  Parke,  Davis  &  Co.,  when  added 
to  hydrochloric  acid  of  the  proper  strength,  have  high  digestive 
powers. 

[(fi)  Hydrochloric  acid  (o'2  p.c). — Add  6'5  c.c.  of  ordinary  commercial 
HCl  to  I  litre  of  distilled  water.] 

2.  Pepsin  and  acid  (HCl)  necessary  for  gastric  digestion. 

(a)  Take  three  beakers  or  large  test  tubes,  label  them  A,  B,  0. 
Put  into  A  water  and  a  few  drops  of  glycerin  extract  of  pepsin, 
B  ,o'2  p.c.  of  HCl,  and  C  02  p.c.  of  HCl  and  a  few  drops  of 
glycerin  extract  of  pepsin.  Put  into  all  three  a  small  quantity 
of  well-washed  fibrin,  and  place  them  in  a  water-bath  at  40°  0. 

(6)  Examine  them  from  time  to  time.  In  A  the  fibrin  is 
unchanged ;  in  B  the  fibrin  is  clear  and  swollen  up ;  on  neutral- 
isation it  will  appear  unaltered ;  in  0  it  has  disappeared,  having 
first  become  swollen  up  and  clear,  and  then  completely  dissolved. 
It  will  ultimately  be  converted  into  peptones.  Therefore,  both 
acid  and  ferment  are  required  for  gastric  digestion. 
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Tube  A. 

Tube  B. 

Tube  C. 

Water. 
Pepsin. 
Fibrin. 

Water. 

HCl(o'2p.e.). 

Fibrin. 

Water. 

HCl(o-2p.c.). 
Pepsin. 
Fibrin. 

AFTEK  TWENTY  MINUTES. 

Unchanged. 

Fibrin  8wellsup,becomes 
clear,  and  traces  of  acid- 
albumin  formed. 

Acid  -  albumin   formed  ; 
traces  of   albumosea  ; 
fibrin  dissolved. 

AFTER   ONE   HOUK. 

Unchanged. 

More  acid -albumin 
formed. 

Small    amount   (or   no) 
acid  -  albumin  ;    some 
albumoses,   and   pep- 
tone. 

The  chief  digestire  action  of  gastric  juice  is  to  convert — by 
a  process  of  hydrolysis — the  proteids  of  the  food  into  soluble 
and  diffusible  peptones.  The  proteid  molecule  takes  up  water 
and  yields  certain  intermediate  bodies — acid-albumin  and  pro- 
peptones  or  proteoses,  and  finally,  after  prolonged  action, 
peptones.     If  albumin  be  digested,  the  stages  are — 


(i)  Acid-albumin  or  syntonin, 

(2)  Proteoses, 

(3)  Peptone. 


{a)  Proto-albumose,  I  Called  "primary  proteoses," 
(6)  Hetero-albumose,  J  because  they  are  first  formed, 
(c)  Deutero-albumose,     "  Secondary  proteoses. " 


In  the  stomach  itself  the  process  may  be  divided  into  three 
stages : — The  first  stage  (15  to  40  mins.),  when  the  total  acidity 
rises,  but  free  HCl  is  absent,  having  combined  with  proteids. 
In  this  stage  digestion  of  starch  by  the  ptyalin  of  the  saliva 
may  still  go  on  in  the  stomach ;  hence  it  has  been  sometimes 
called  the  "  amylolytic  stage."  Lactic  acid  may  be  present,  either 
from  the  food  or  by  the  action  of  bacteria.  The  second  stage 
(15  or  40  mins.  to  2  to  4  hours),  when  the  acidity  rises  and  free 
HCl  is  present,  but  much  combined  with  proteids ;  lactic  acid 
absent  or  in  traces,  The  tJiird  stage  (till  emptying  of  stomach), 
when  the  total  acidity  falls,  more  free  HCl  and  less  combined 
acid. 
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It  is  to  be  noted  that  the  gastric  contents  generally  have 
a  higher  acidity  than  the  juice  itself. 

3.  Products  of  gastric  digestion  and  its  conditions. — (a)  Half 
fill  three  large  test-tubes  or  beakers,  labelled  A,  B,  0,  with 
HOI  o'2  p.c.  Add  to  each  5  drops  of  glycerin  extract  of  pepsin 
or  Benger's  "liquor  pepticus."  Boil  B,  and  make  0  neutral 
with  sodium  carbonate.  The  alkalinity  may  be  noted  by  adding 
previously  some  neutral  litmus  solution.  Add  to  each  an  equal 
amount  of  well-washed  fibrin — -which  has  been  previously  steeped 
for  some  time  in  o'2  p.c.  HCl,  so  that  it  is  swollen  up  and  trans- 
parent. Keep  in  a  water-bath  (fig.  37)  at  40°  C.  for  an  hour, 
and  examine  them  at  intervals  of  20  minutes. 

(6)  After  10  minutes  or  so,  the  fibrin  in  A  is  dissolved,  and 

the  fluid  begins  to  be  turbid. 
In  B  and  0  there  is  no  change. 
Even  after  long  exposure  to 
40°  C.  there  is  no  change  in 
B  and  C.  Why  1  In  B,  be- 
cause pepsin  loses  its  activity 
on  boiling ;  in  C  the  pepsin 
has  not  lost  its  power,  because 
if  more  acid  be  added,  and 
the  mixture  kept  at  40°  0., 
digestion  will  take  place. 
Neutralisation  suspends  but 
,  does  not  destroy  the  action  of 
pepsin,  while  boiling  does  so. 
After  three-quarters  of  an 
hour  filter  A  and  part  of  B 

Fig.  37.-Digestion-bath.  ^^^  ^       ^^^p  ^^^  filtrates. 

(c)  Carefully  neutralise  the  filtrate  of  A  with  dilute  NaHO 
=  a  precipitate  of  acid-albumin.  Filter  off  this  precipitate,  dis- 
solve it  in  o"2  p.c.  HCl.     It  gives  proteid  reactions  (Lesson  I.). 

{d)  Test  the  filtrate  of  (c)  for  albumoses  or  proteoses.  Repeat  ■ 
all  the  tests  for  albumose  (Lesson  I.).  Albumose  is  soluble 
in  water,  and  gives  all  the  ordinary  proteid  reactions.  It  is 
precipitated  by  HNO3  in  the  cold  in  presence  of  NaCl ;  the  pre- 
cipitate disappears  on  heating,  and  reappears  on  cooling.  This 
is  a  characteristic  reaction.  It  is  precipitated  by  acetic  acid  and 
ferrooyanide  of  potassium  ;  by  acetic  acid  and  a  saturated  solution 
of  sodic  sulphate ;  and  by  metaphosphoric  acid :  while  peptones 
are  not.  It  gives  the  biuret  reaction  and  is  soluble  in  water 
(like  peptone). 
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(i.)  Few  drops  HNO3  =  a  white  precipitate,  which  disappears 
on  heating  (yellowish)  and  reappears  on  cooling  (proto-proteose). 

(ii.)  Two  drops  acetic  acid  and  ferrocyanide  of  potassium  =  a 
white  precipitate,  which  disappears  on  heating  and  returns  on 
cooling  (proto-  and  deutero-proteose). 

(iii.)  Biuret  reaction — i.e.,  NaHO  +  OuSO^  =  pink  colour 
(peptone  gives  the  same).  A  solution  giving  (iii.)  and  not  (i.) 
and  (ii.)  would  indicate  peptone. 

(iv.)  Saturate  the  filtrate  of  C  with  Am^SO^.  This  precipitates 
the  proteoses.  A  more  complete  precipitation  is  obtained  by 
adding  dilute  acetic  acid  and  boiling  with  AmjSO^,  and  then 
neutralising  the  acid.     The  peptones  are  not  so  precipitated. 

(e)  Filter  and  test  the  filtrate  for  peptones  (Lesson  I.).  In 
the  biuret  reaction,  owing  to  the  presence  of  AmjSO^,  a  great 
excess  of  soda  has  to  be  added. 

(_/)  Neutralise  part  of  the  filtrates  of  B  and  C.  No  precipi- 
tate nor  reactions  for  peptones.  In  B  pepsin  was  destroyed  by 
boiling,  in  C  it  cannot  act  in  an  alkaline  medium. 

(g)  Add  acid  to  the  remainder  of  C,  and  keep  at  40°  0. ;  diges- 
tion takes  place,  so  that  neutralisation  has  not  destroyed  the 
activity  of  the  ferment. 

4.  Proteoses, — For  the  methods  used  by  Kiihne  to  isolate  the 
varieties  of  albumose  see  Add.  Exes.  The  following  can  be 
carried  out  by  the  student  in  a  gastric  digest  with  the  acid- 
albumin  precipitated  and  filtered  off,  and  with  filtrate  showing 
well-marked  reactions  for  proteose  : — 

(ra)  Primary  proteoses  (proto-  and  hetero-proteose). — Saturate 
part  of  the  filtrate  with  NaOl  crystals  =  precipitate  chiefly  of 
these  proteoses.     Filter. 

(6)  Secondary  proteoses  (deutero-proteose). — To  the  filtrate  add 
acetic  acid  =  precipitate  of  deutero-proteose  (and  a  little  proto- 
proteose).     [The  filtrate  contains  peptone.] 

6.  Albumose  tests  (Lesson  I.). — It  is  precipitated  by  the 
following  substances  :  Nitric  acid ;  acetic  acid  and  NaCl ;  acetic 
acid  and  ferrocyanide  of  potassium.  The  precipitates  are  soluble 
on  heating  and  reappear  on  cooling.  In  all  these  respects  it 
differs  from  peptone.  Like  peptone,  however,  it  gives  the  biuret 
{rose  pink)  reaction,  and  is  not  coagulated  by  heat. 

6.  Peptone  tests  (Lesson  I.). — The  following  table  from  Halli- 
burton shows  the  chief  characters  of  the  final  product  peptone, 
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and  the  intermediate  albumoses  in  contrast  with  those  of  a 
native  proteid  like  albumin : — 


Froteid. 

Heat. 

Alcohol. 

Nitric  acid. 

A1U2SO,. 

NaHO 
+  CuSOj. 

DifFusl- 
bility. 

Albumin. 

Proteoses 
(AUmmoset). 

Peptones. 

Coagu- 
lated. 

Not  co- 
agulated. 

Not  co- 
agulated. 

1  Then  ooagu- 

V  lated. 

1  But  not 

V  coagulated. 

1  But  not 

V  coagulated. 

1  In  cold,  not 

V  readily 
soluble  on 
heating. 

1  In  cold, 

V  soluble  on 
heating, 
return  on 
cooling. 

Not  pre- 
cipitated. 

Precipi- 
tated. 

Precipi- 
tated. 

Not  pre- 
cipitated. 

Violet  colour. 

Kose-red 
colour 
(biuret  re- 
action). 

Bose-red 
(biuret  re- 
action. 

NU. 
Slight. 

Great. 

(The  ^  indicates  precipitated). 

7.  Gastric  juice  is  antiseptic. — Set  aside  a  gastric  digest, 
and  observe  that  it  does  not  putrefy  readily. 

8.  Gastric  juice  on  milk. — (a)  Mix  5  c.c.  of  fresh  milk  in  a 
test-tube  with  a  few  drops  of  neMfral  artificial  gastric  juice; 
keep  at  40°  0.  In  a  short  time  the  milk  curdles,  so  that  the 
tube  can  be  inverted  without  the  curd  falling  out.  By-and-by 
whey  is  squeezed  out  of  the  clot.  The  curdling  of  milk  by  the 
rennet  ferment  present  in  the  gastric  juice  is  quite  different 
from  that  produced  by  the  "  souring  of  milk,"  or  by  the  pre- 
cipitation of  caseinogen  by  acids.  Here  the  casein  (carrying 
with  it  most  of  the  fats)  is  precipitated  in  a  neutral  fluid. 

(6)  To  milk  in  a  test-tube  add  5  c.c.  of  0-4  p.c.  hydrochloric  acid, 
and  keep  at  40"  C.  for  2  hours.  The  pepsin  in  the  presence  of 
the  acid  digests  the  casein,  gradually  dissolving  it  forming  a  straw- 
yellow-coloured  fluid  containing  peptones.  The  "  peptonised 
milk  "  has  a  peculiar  odour  and  bitter  taste. 

(c)  Peptonised  milk. — To  5  c.c.  of  milk  in  a  test-tube  add  a 
few  drops  of  Benger's  liquor  pepticus,  and  place  in  a  water-bath. 
The  caseinogen  first  clots,  and  is  then  partially  dissolved  to  form 
a  yellowish-coloured  fluid,  with  a  bitter  taste  and  peculiar  odour. 
There  generally  remains  a  very  considerable  clot  of  casein ; 
and,  in  fact,  the  gastric  digestion  of  milk  is  slow,  especially  if 
compared  with  its  tryptic  digestion  (Lesson  X.  8).  Test  the 
fluid  for  peptones  with  the  biuret  reaction,  and  observe  the 
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light-pink   colour   obtained.      The   bitter   taste    renders    milk 
"  peptonised  "  by  gastric  juice  unpalatable. 

9.  Kennet  on  milk. — (Rennin  the  enzyme). 

[a)  To  milk  in  a  test-tube  add  a  drop  or  two  of  rennet — e.g., 
Clark's  commercial  rennet — and  keep  in  the  warm  bath  at  40°  C. 
Kennet  is  obtained  from  the  fourth  stomach  of  the  calf.  The 
inilk  becomes  solid  in  a  few  minutes,  forming  a  curd,  and  by- 
and-by  the  curd  of  casein  contracts  and  squeezes  out  a  fluid — 
the  whey. 

(6)  Repeat,  but  boil  the  rennet.  No  such  result,  because  the 
ferment  is  destroyed  by  heat. 

10.  Tests  for  free  mineral  (HCl)  and  organic  acids. 

(as)  Place  in  tube  A  10  o.c.  of  a  0-2  p.c.  HCl,  and  in  tube  B 
10  c.c.  of  2  p.c.  acetic  acid.  To  both  add  a  few  drops  of 
OO-Tropaeolin  dissolved  in  alcohol.  The  very  dilute  mineral  acid 
in  A  renders  it  rose-pink,  while  the  organic  acid  does  not  afiect 
its  colour.  Or,  allow  a  drop  of  a  saturated  alcoholic  solution 
to  evaporate  on  a  white  porcelain  slab  at  40°  C,  and  then  add  a 
drop  of  the  acid  solution.  On  evaporation  a  violet  tint  indicates 
an  inorganic  acid,  "005  HCl  can  be  thus  detected  {Langley).  It 
is  stated  not  to  be  quite  a  reliable  test  in  the  presence  of  certain 
organic  matters. 

(b)  Repeat  (a),  but  add  to  the  acids  a  dilute  watery  solution 
of  methyl-violet,  and  note  the  change  of  colour  produced  by  the 
mineral  acid.  It  becomes  blue  and  then  green.  If  a  strong 
solution  of  acid  be  used,  the  colour  is  discharged,  but  this  is 
never  the  case  with  the  percentage  of  acid  in  the  stomach.  The 
peptones  in  gastric  juice  may  be  precipitated  by  the  previous 
addition  of  10  p.c.  tannic  acid,  and  then  the  test  can  be  applied. 
In  the  presence  of  proteids  in  gastrin  juice  it  does  not  give 
absolutely  reliable  results. 

(c)  Repeat  (a)  with  the  same  acids,  but  use  paper  stained 
with  congo-red,  and  observe  the  change  of  colour  to  blackish- 
blue  or  intense  blue  produced  by  the  hydrochloric  acid.  Wash 
in  ether ;  if  the  red  colour  reappears  the  acid  is  organic,  if  not, 
mineral.     Organic  acids  make  it  violet,  not  blue. 

[d)  Toepfer's  Test  (Di-methyl-amido-azobenzol)  (0-5  p.c. 
alcoholic  solution). — It  gives  a  pink  with  dil.  HCl  or  filtered 
gastric  juice.  Do  the  test  on  a  white  background.  It  is  said 
to  be  the  most  delicate  test  for  free  HCl  yet  introduced. 
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(e)  Phloro-gluoin.  and  Vanillin  (Giinzburg). — Dissolve  2  grms.  phloro- 
glnoin  and  i  grm.  vanillin  in  100  o.c.  alcohol.  Mix  equal  quantities  of 
this  with  the  fluid  to  be  tested,  and  evaporate  the  mixture  in  a  watch-glass 
on  a  water-bath.  Do  not  allow  the  fluid  to  boil.  The  presence  of  HCl  is 
shown  by  the  formation  of  a  delicate  rose-red  tinge  or  stain,  or,  if  there 
be  much  hydrochloric  acid,  of  red  crystals.  TMa  reaction  will  detect 
'06  p.c.  HCl,  and  is  said  not  to  be  impeded  by  organic  acids,  albumin,  or 
peptone. 

(/)  Benzo-pupurin  6  B. — Use  filter  paper  soaked  in  a  saturated  watery 
solution  of  this  fluid  and  dried.  HCl  ('4  grm.  in  100  c.c.)  makes  it  dark 
blue,  while  organic  acids  make  it  brownish-violet.  If  both  HCl  and  organic 
acids  be  present,  the  stain  is  brownish-black ;  but  if  the  stain  be  suspected 
to  be  partly  due  to  HCl,  wash  the  paper  in  a  test-tube  with  sulphuric 
ether,  which  removes  the  stain  due  to  the  organic  acid,  leaving  that  due  to 
the  HCl  unaffected.  The  sulphuric  ether  does  not  affect  the  mineral  acid 
stain. 

(g)  Mohr's  test. — Mix  together  2  c.c.  of  a  10  p.c.  solution  of  sulpho- 
cyanide  of  potassium,  0'5  c.c.  of  a  neutral  solution  of  ferric  acetate,  and 
8  '5  c.c.  water.  Place  a  few  drops  of  this  ruby-red  fluid  on  a  porcelain 
capsule,  and  allow  a  few  drops  of  the  gastric  juice  to  mix  with  it  =  a  light 
violet  colour  at  the  point  of  contact,  and  a  mahogany  brown  when  the 
fluids  mix.     It  is  less  sensitive  than  the  aniline  tests. 

(h)  Shake  up  a  mixture  of  dilute  HCl  and  an  organic  acid — e.g.,  lactic, 
with  ether.  Remove  the  ether,  and  on  evaporating  it,  it  will  be  found  to 
have  dissolved  the  organic  acid,  but  not  the  mineral  one.  On  this 
fact  is  based  Richet's  method  of  determining  the  amount  of  an  organic 
acid  in  presence  of  a  mineral  acid. 

These  reactions  for  a  free  mineral  acid  are  important,  as  they 
are  used  clinically  for  ascertaining  the  presence  or  absence  of 
'H.Cl—e.g.,  in  a  vomit.  This  acid  is  frequently  absent  from 
gastric  juice  in  cancer  of  the  stomach.  In  gastric  catarrh  the 
HOI  may  be  greatly  diminished  and  lactic  acid  abundant.  The 
presence  of  peptones  interferes  with  the  delicacy  of  some  of 
these  reactions. 

11.  Carbolo-iron  test  for  lactic  acid  (fT^Zmowm).— Prepare  a 
fresh  solution  by  mixing  10  c.c.  of  a  4  p.c.  solution  of  carbolic 
acid  with  20  c.c.  of  distilled  water,  and  i  drop  of  liquor  ferri 
perchloridi.  The  amethyst-blue  solution  thus  obtained  is 
changed  to  yellow  by  lactic  acid,  while  it  is  not  affected  by  0-2 
p.c.  HCl;  but  alcohol,  sugar,  and  phosphate  yield  a  similar 
reaction. 

A  faintly  yellow-coloured  solution  of  ferric  chloride  (2  to  5 
drops  to  50  c.c.  water)  is  not  affected  by  the  addition  of  HCl, 
acetic,  or  butyric  acid,  but  it  is  intensified  in  the  presence  of 
dilute  lactic  acid. 

[Kiihne  suggested  that  proteids— e.g.,  albumins — are  split  up  by  certain 
acids,  and  ferments  into  an  anti-group  and  a  hemi-group,  as  represented  by 
the  following  scheme — it  is  nothing  more  : — 
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Action  of  Enzymes  {Ferments). 
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Albumin. 


Anti-albumose.     Hemi-albumose. 


Anti-peptone.  Anti-peptone.    Hemi-peptone.  Hemi-peptone; 
Ampho-peptone. 


> 


B^ 


IS. 

•  p 


Leucin,     Tyrosin,  Leucin,    Tyrosin, 
&c.  &c. 

The  anti-group  is  not  further  acted  on,  but  the  hemi-group,  althoagh  not 
split  up  by  digestion,  yields  by  tryptic  digestion  leucin,  tyrosin,  and  other 
products. 

The  substance  called  hemi-albumose  by  Kuhne  has  been  shown  to  consist 
of  three  albnmoses — viz. ,  proto-albumose,  hetero-altoumose,  and  deutero- 
albumose.  The  first  two  are  precipitated  by  NaCl,  and  the  last  by  TTaCl 
and  acetic  adid.  For  separation  of  these  bodies— which  can  be  obtained 
most  easily  from  Witte's  peptone— see  14.] 

12.  Products  of  gastric  digestion. — To  25  grms.  'well-washed  and 
boiled  fibrin  +  250  c.c.  o'2  p.e.  HCl.  Digest  for  several  hours  at  40°  C. 
Neutralise  with  sodium  carbonate  (SalkcywaH). 


Precipitate = A  aid- 
albumin. 


Filtrate  :  Albumose  H- Peptone. 
Saturate  with  AmjSO^. 


Precipitate = Albumoses. 
Boil  with  Barium  carbonate. 


Filtrate  :  Peptone  +  Am2S04. 
Boil  with  Barium  carbonate. 


Residue  of      Filtrate =.4Z6«mose-        Residue  of      Fi\tia.te  =  Peptone- 

Barium  sulphate,    solution  which  can  Barium  sulphate,  solution  containing 

be  precipitated  by  Baryta.  Precipitate 

alcohol.  peptone  by  alcohol. 
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13.  Albumose  and  gastric  peptones  in  quantity. 

(a)  Place  lo  grms.  of  fresh,  veil- washed  expressed  fibrin  in  a  porcelain 
capsule,  cover  it  with  300  o.c.  of  0-2  p.o.  HCl,  and  keep  the  whole  at  40°  C. 
in  a  water-bath  until  the  whole  of  the  fibrin  is  so  swollen  up  as  to  become 
converted  into  a  perfectly  clear,  jelly-like  mass,  and  it  becomes  so  thick 
that  a  glass  rod  is  supported  erect  in  it. 

(5)   Stir  in  I  or  2  c.c.  glycerin  pepsin  extract 
(liquor  pepticus).    Within  a  few  minutes  the  whole 
{becomes  fluid. 

(c)  After  a  short  time — 15  to  20  minutes— before 
the  peptonisation  is  complete,  filter  and  exactly 
neutralise  the  filtrate  with  ammonia  or  NaHO, 
which  precipitates  the  acid-albumin  with  a  small 
quantity  of  the  albumoses.  Filter;  the  filtrate 
contains  the  albumoses,  which  can  be  precipitated 
by  saturation  with  crystals  of  neutral  ammonium 
sulphate.  To  get  rid  of  this  salt  the  precipitate 
must  be  dialysed  in  a  Kiihne's  dialyser  (fig.  38). 


14.  Albumoses. — Dissolve  Witte's  pep- 
tone— 1.6.,  "commercial  peptone"  consisting 
chiefly  of  albumoses — in  10  p.c.  NaOl  solu- 
tion, and  filter.  This  solution  does  not 
coagulate  on  heating,  but  gives  the  ordi- 
nary proteid  reactions,  together  with  biuret 
and  nitric  acid  tests. 

(a)  Saturate  with  AmjSO^  =  precipitate 
of  albnmoses.  Filter.  The  peptone  is  in 
the    filtrate    and    can  ,be    precipitated  by 

rig.  38.— Kiihne's  dialyser.  alcohol 
A parolunent-paper tube,        ,,.       ".   .  ,  i.-  /•  j.i  i 

sucli  as  is  used  for  saus-      (6)  Dialyse  another  portion  01  the  solu- 

va'thio'vih '"which  tio'^;  hetero-albvmose  is  precipitated. 

water  is  kept  continually  (c)  Faintly  acidify  another  portion  of  the 
°^"'^'  solution,  and  then  saturate  it  with  sodium 

chloride  =  precipitate  of  proto -albumose  and  hetero-albumose. 
Filter.  The  filtrate  contains  the  deutero-albumose  and  peptone. 
Precipitate  the  deutero-albumose  by  saturating  with  ammonium 
sulphate. 

(d)  The  following  scheme  from  Sohulz  shows  how  the  individual  albu- 
moses may  be  obtained  from  a  10  per  cent,  solution  of  Witte's  peptone  : — 


*  The  parchment-paper  tubing  (Papier-darme)  is  obtained  from  Carl  Brandegger, 
lUenwagen,  Wiirtemberg. 
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SO  com.  of  10  p.o.  Witte's  peptone  +  50  c.cm.  saturated  (NHiJjS. 


Precipitate  I.  =  primary  albumoses, 

dissolve  in  water  and  dialyse 

the  adherent  salt. 


Filtrate  I.     Saturate  with 

AmaSOi 

(acidify  slightly). 


Precipitate. 
Hetero-albumose. 


Filtrate  II. 
Proto-albumose, 


Precipitate. 

Secondary 
albumoses. 


Filtrate  III. 

Peptone 

(Precipitate  with  iodine 

KI). 


Primary  Proteoses. — (a)  Proto-albumose  is  soluble  in  pure  salt-free 
water,  so  that  it  is  not  precipitated  on  dialysis. 

(6)  Hetero-albumose  is  insoluble  in  pure  water,  and  therefore  can  be 
precipitated  by  dialysis. 


Secondary  Proteose. — (c)  Deutero-proteose. 


Sat.  c  NaCl  in 
Neutral  sol. 
Primary  Proteoses,  I 


Half  Sat.  c 
AniiSOi. 


HNOs 


A.Aa 
FeiCyKe 
X  at  once. 


Secondary 


Albumoses, 

V. 

Peptone, 


not. 


Sat.  c. 
AmSOi 

not.   J, 


not. 


J,  but  only  after  J,  only  after 
-l-NaCl.  standing. 


A.Aa 
FjOyKe 

not.   J, 


Precipi- 
tated by 
lodo. 


Klfrom 

Am3S04 

sol. 


The  albumoses  are  (i)  precipitated  by  alcohol,  but  not  coagulated ;  (a)  the 
nitric  acid  precipitate  is  soluble  with  heat,  and  returns  on  cooling — -(to  an 
albumose  sol.  +  equal  vol.  sat.  sol.  NaCl-hHNOs);  (3)  the  picric  acid 
precipitate  behaves  as  (2). 

Some  Tests  for  Proteoses  and  Peptones: 

PROTEOSES.  PEPTONES. 

PFOto-alb.     Hetero-alb.    Deutero-alb.      Peptones. 


Biuret  (CuSOj.NaHG), 

Pink 

Pink 

Pink 

Pink 

Water,  hot  and  cold, 

Soluble.         1 

Insoluble 

Soluble. 

Soluble. 

^ 

by  dialysis. 

Saturation  c  MgSOj 

ppt. 

ppt. 

1      no  ppt. 
(^^  bydil.HA). 

no  ppt. 

or  NaCl, 

Satvratian  cAmoS04, 

ppt. 

ppt. 

do.  in 

no  ppt. 

Nitric  Add,       .       . 

ppt.  in  cold. 

do. 

no  ppt. 

dissolved  by  heat, 

presence  of 

returns  in  cold. 

excess  of  NaCl. 

CuSO,, 

ppt. 

ppt. 

no  ppt. 

no  ppt. 
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The  products  of  gastric  digestion  of  proteids  are  : — 
(i)  More  soluble  and  diffusible  than  original  proteid. 

(2)  Less  easily  precipitated  by  precipitants. 

(3)  Simpler  than  the  mother  proteid,  and  are  said  to  gain  in  weight. 

Their  elementary  composition  varies. 

15.  Effect  of  mechanioal  restraint  on  digestion. — Tie  up  rather  lightly 
with  thread  a  mass  of  fibrin,  and  subject  it  to  an  active  artificial  digestive 
fluid.     Notice  how  much  longer  it  takes  to  digest. 

16.  Influence  of  proteid  on  time  for  digestion. — Take  two  beakers 
(A  and  B),  and  place  in  each  40  c.c.  of  the  digestive  fluid.  Place  in  A  a 
piece  of  coagulated  egg-albumin  having  a  volume  of  i  c.c,  and  in  B  a 
similar  volume,  which  has  been  divided  into  8  half-centimetre  cubes. 
Note  time  in  each  case  before  digestion  is  complete. 

17.  Pepsin  is  destroyed  by  an  alkaline  salt. — Neutralise  5  c.c.  of  an 
effective  artiflcial  gastric  juice.  Filter.  Add  5  c.c.  2  p.c.  NauCOj.  Keep 
at  40°  for  half  an  hour.  Then  add  HCl  until  the  fluid  is  distinctly  acid. 
Add  fibrin,  and  keep  at  40°.  The  fibrin  is  not  digested,  as  the  alkaline 
salt  has  destroyed  the  pepsin, 

18.  Comparative  digestive  power  of  pepsins — e.g.,  fhe  various  pepsins 
found  in  the  market,  or  the  comparative  digestive  power  of  glycerin 
extracts  of  the  stomach. 

(a)  Chop  up  well-washed  and  boiled  fibrin,  and  stain  it  with  ammoniacal 
carmine  (24  hours).  Wash  thoroughly  and  preserve  under  ether  or  i  p.o. 
HgCl].  Place  in  the  requisite  number  of  beakers  o'2  p.c.  HCl,  equal 
amounts  of  the  carmine  fibrin,  and  then  add  the  pepsin  whose  strength 
is  to  be  tested ;  keep  at  40°  0.  As  the  fibrin  is  digested  the  carmine  is 
set  free,  so  that  the  most  deeply-stained  liquid  contains  the  most  active 
pepsin  {Grutziier's  method). 

(b)  Mette's  method. — Fluid  egg-albumin  is  packed  into  glass  tubes  of 
I  to  2  mm.  bore,  and  coagulated  at  95°  C.  The  tube  is  then  cut  into  short 
pieces  which  are  placed  in  a  few  c.cm.  of  the  fluid,  to  be  investigated  for 
10  to  12  hours  at  38°  C.  The  albumin  is  digested  at  the  ends  of  the  tubes. 
After  a  certain  titne  the  amount  of  undigested  albumin  is  measured  by 
means  of  a  millimetre  scale  and  lens.  According  to  Pawlow  and  Ssamojloff, 
the  digestion  of  albumin  is  during  the  first  ten  hours'  proportion  to  the 
duration  of  the  digestion.  Moreover,  the  amount  digested  in  a  given  time 
may  be  used  as  an  index  of  the  relative  digestive  powers  of  digestive  fluid. 
The  amount' varies  as  the  square  root  of  the  relative  quantity  of  ferment 
present  {Schiitz).  It  is  further  stated  that  the  length  of  the  column  digested 
is  directly  related  to  the  amount  of  pepsin  contained  in  the  digestive  duid. 
(Die  Arbeit  der  Verdauungsdriisen,  by  J.  P.  Pawlow,  p.  32,  1898.) 

19.  Chemical  examination  of  the  gastric  contents — e.g.,  Vomit. 

(a)  Test  the  reaction  to  litmus  and  Congo-red.  The  latter  gives  no 
change  of  colour  with  acid  salts — e.g.,  acid  phosphate  of  soda— although 
they  act  on  litmus. 

(b)  Determine  the  acidity  (e.g.,  of  10  c.c.)  by  means  of  a  deci-normal 
solution  of  caustic  soda.     (See  ""Urine.") 

•(c)  Test  10  c.c.  for  the  presence  of  pepsin  (digest  with  fibrin  and  HCl), 
and  rennet  (milk). 

(d)  Use  the  tests  10  (c),  (e),  (/),  for  determining  the  presence  of 
free  HCl. 

(e)  Make  a  rough  estimate  of  the  presence  of  lactic,  butyric,  and  acetic 
acids  by  the  method  9  {h). 
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(/)  Examine  for  proteida— e.g'.,  albumin,  albumoses,  and  peptone. 

{g)  Test  for  sugar  and  its  digestive  products. 

(h)  Distil  some  of  the  fluid,  extract  the  remainder  with  sulphuric  ether, 
and  in  the  latter  estimate  the  lactic  acid  which  it  contains. 

(i)  Test-meal. — When  it  is  desired  to  know  if  digestion  is  normal,  a 
test-meal  is  given.  Ewald  recommends  a  roll  of  stale  bread  taken  on  an 
empty  stomach,  with  tea  or  water.  After  an  hour  the  contents  of  the 
stomach  are  pumped  out  by  means  of  a  stomach  pump,  and  examined  as 
above.  (See  A.  Lockhart  Gillespie,  Mamval  of  Modern  Gastric  Methods, 
1899,  or  V.  Jaksoh,  OliniccU  Diagnosis,  1899). 

20.  Make  experiments  with  each  of  the  following  by  placing  them — half 
an  hour  or  longer — in  an  active  gastric  digestive  fluid.  Note  and  record  the 
results : — 

(a)  Suet  or  fatty  tissue  of  pig. 

(b)  Bread. 

(c)  Jelly  of  gelatin. 

(d)  Well-cooked  lean  meat. 

(e)  Cooked  peas. 

[  (/)  The  hind  legs  of  a  frog  with  the  skin  removed.] 
Test  in  each  case  the  ultimate  products  (after  Novy). 

21.  Drugs  on  gastric  digestion. — As  in  Lesson  VIII.,  11,  take  2  vols. 
HClo"2p.c.,  J  vol.  gastric  extract,  24  vols,  reagents.     Pieces  of  carmine 
fibrin.     Keep  at  40°.    The  depth  of  the  colour  corresponds  to  the  amoimt  ' 
of  digestion. 


LESSON  X. 

PANCREATIC    (INTESTINAL)    DIGESTION. 

Panceeatic  juice  is  alkaline  from  the  presence  of  sodium 
carbonate.  It  contains  three  or  four  ferments  which  occur  in 
the  gland  in  the  form  of  inactive  zymogens,  which  readily  yield 
the  corresponding  active  ferments  after  the  addition  of  an  acid, 
or  after  standing.  It  is  for  this  reason  that  extracts  of  the 
gland  can  be  used  instead  of  the  juice  itself.  A  watery  warm 
extract  made  from  a  gland  may  be  acid  from  sarco-lactic  acid, 
especially  if  the  gland  has  been  extracted  some  time  after  death. 

1.  Pancreatic  extracts. 

(a)  Mince  part  of  the  pancreas  of  an  ox  or  pig  24  hours  after 
death,  rub  it  up  with  pure  quartz  sand  in  a  mortar,  and  digest  it 
with  cold  water,  stirring  from  time  to  time.  Strain  through  linen 
and  filter  through  paper.  The  filtrate  has  digestive  properties, 
chiefly  upon  starch.     A  more  potent  solution  is  obtained  by 
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digesting  the  pancreas  at  40°  C.  for  some  hours  with  a  2  p.c. 
solution  of  sodium  carbonate.  To  prevent  the  putrefactive 
changes,  so  apt  to  occur  in  all  pancreatic  fluids,  add  a  little 
10  p.c.  alcoholic  solution  of  thymol,  or  chloroform. 

(6)  Make  a  glycerin  extract  of  the  pancreas  (pig)  as  directed 
for  the  stomach  (Lesson  IX.,  1).  This  extract  acts  on  starch 
and  proteids.     See  that  the  glycerin  does  not  reduce. 

(c)  For  most  experiments  use  the  "liquor  pancreaticus "  of 
Benger,  or  of  Savory  &  Moore,  or  Burroughs,  Wellcome  &  Co., 
or  the  "  trypsinum  siccum  "  of  Griibler. 

(d)  Weigh  the  pancreas  taken  from  a  pig  just  killed,  rub  it  up  with 
sand  in  a  mortar,  and  add  i  c.c.  of  i  p.c.  acetic  acid  for  every  grm.  of 
pancreas.  Mix  thoronghly,  and  after  a  quarter  of  an  hour  add  10  c.c. 
glycerin  for  every  grm.  of  pancreas.  After  five  days  filter  off  the  glycerin 
extract.     Acetic  acid  is  added  to  convert  the  "  zymogen"  into  trypsin. 

(e)  Kiihne's  dry  pancreas  powder. — Extract  a  pancreas  with  alcohol 
and  ether,  and  dry  the  residue.  The  extraction  must  be  done  in  an  ether 
fat-extracting  apparatus ;  and  as  the  process  is  somewhat  tedious,  it  is 
better  to  buy  it  from  Dr.  Griibler  of  Leipzig. 

(/)  Other  solvents  of  pancreatic  enzymes. — Apart  from  the  fat- 
,  splitting  enzyme,  the  other  ferments  fire  readily  extracted  from  the  gland 
— under  certain  conditions  by  (i.)  glycerin,  (ii.)  saturated  watery  solution 
of  chloroform  {Roberts),  but  the  chloroform  extract  interferes  with  the 
reaction  for  grape-sugar.  Harris  and  6ow  find  that  a  saturated  solution 
of  common  salt  extracts  all  the  pancreatic  enzymes  (save  the  fat-splitting). 
Roberts  found  that  by  extracting  the  pancreas  with  a  solution  containing 
a  mixture  of  boracic  acid  and  borax  a  serviceable  extract  was  obtained.   IM 

(g)  Treat  flnely-minced  pancreas  with  8  to  10  vols,  of  water  containing 
0-03  ammonia.  Let  it  stand  for  24  hours.  Filter  and  carefully  precipitate 
with  dilute  acetic  acid.  Filter  off  the  precipitate  and  dissolve  the  preci- 
pitate in  dilute  soda  solution,  and  filter.  The  filtrate  is  principally  tryptic 
(Hammarsten). 

1.  Action  on  starch  (Amylopsin  the  ferment). 

2,  (a)  To  thick  starch  mucilage  in  a  test-tube  add  glycerin 
extract  of  pancreas  or  liquor  pancreaticus,  and  place  it  in  a 
water-bath  at  40°  0.  Rapidly  the  starch  paste  becomes  fluid, 
loses  its  opalescence,  and  becomes  clear.  Within  a  few  minutes 
some  of  the  starch  is  converted  through  intermediate  stages 
(as  in  salivary  digestion)  into  maltose.  Test  for  reducing-sugar 
(Lesson  III.).  Test  rapidity  of  its  action  with  i  p.c.  starch 
mucilage,  as  for  saliva  (Lesson  YIII.). 

(6)  Pancreatic  juice  on  bile. — Repeat  A,  but  add  a  little  bile  ; 
the  starch  disappears  more  quickly.  Prove  by  testing  on  a 
white  porcelain  slab,  as  in  Lesson  VIII.,  6. 

II.  Action  on  proteids. — Trypsin  is  the  characteristic  proteo- 
lytic enzyme  of  the  pancreatic  secretion,  and  also  the  chief 
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proteolytic  agent  in  plants.  Its  general  actions  resemble  those 
of  pepsin,  but  it  differs  in  at  least  two  important  respects,  as  it 
(i)  causes  a  far  more  complete  cleavage  of  the  primary  proteid 
molecule,  so  that  even  crystalline  amides  are  formed;  (2)  it  can 
act  in  a  neutral — and  even  faintly  acid — medium,  although  it 
acts  better  in  an  alkaline  one — e.g.,  weak  carbonate  of  soda,  but 
there  is  no  definite  relation  between  the  alkali  and  enzyme,  and 
it  is  not  dependent  on  an  "  inorganic  ally,"  such  as  HOI  is  to 
pepsin.  It  erodes  the  fibrin,  so  that  its  digests  are  turbid. 
With  coagulated  proteids  no  soluble  globulins  or  alkali-albumin 
are  produced ;  the  first  products  that  can  be  separated  are 
deutero-albumoses. 

The  vegetable  trypsins — e.g.,  bromelin  from  the  juice  of  the 
pine  apple,  papain  from  Ca/rica  papaya — act  best  in  a  faintly  acid 
medium. 

3.  Proteolytic  action  and  its  conditions  (Trypsin  the  ferment). 

(a)  Half-fill  three  test-tubes.  A,  B,  C,  with  i  p.c.  solution 
sodium  carbonate,  and  add  5  drops  of  glycerin  pancreatic  extract 
or  liquor  panoreaticus  to  each.  Boil  B,  and  make  C  acid  with 
dilute  HCl.  Place  in  each  tube  well-washed  fibrin,  plug  the 
tubes  with  cotton  wool,  and  keep  all  at  40°  C.  [Previously  soak 
the  fibrin  in  the  sodium  solution.] 

(6)  Examine  them  from  time  to  time.  In  A  the  fibrin  is 
gradually  eroded,  and  finally  disappears,  but  it  does  not  swell 
up,  the  solution  at  the  same  time  becoming  slightly  turbid. 
After  three  hours  no  change  is  observable  in  B  and  C.  The 
fibrin  yields  successively  soluble  proteid  (globulins),  alkali- 
albumin,  deutero-albumoses,  peptones,  and  some  derivatives  of 
the  latter. 

(c)  Pilter  A,  and  carefully  neutralise  the  filtrate  with  very 
dilute  HCl  or  acetic  acid  =  a  precipitate  of  alkali-albumin.  Filter 
off  the  precipitate,  and  on  testing  the  filtrate,  peptones  are  found. 
The  intermediate  bodies,  the  albumoses,  are  not  nearly  so  readily 
obtained  from  pancreatic  as  from  gastric  digests. 

(d)  Filter  B  and  C,  and  carefully  neutralise  the  filtrates.  They 
give  no  precipitate.     No  peptones  are  found. 

(e)  Make  a  digest  of  fibrin  with  bromelin  and  -025  p.c.  HOI 
for  several  hours.  It  yields  products  identical  with  those  of 
tryptic  digestion. 

Putrefaction  oQcurs  rapidly  in  pancreatic  digests.  Prevent 
this  either  by  the  addition  of  an  alcoholic  solution  of  thymol  or 
chloroform  water  (5  c.c.  chloroform  to  i  litre  wa.ter). 
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The  successive  stages  appear  to  be — 

Fibrin. 

(Griobulins)  soluble  Proteid. 

Alkali-albumin. 

I 
Deutero-albumoses. 

Peptones. 

Amido-acids.  Hexone  bases.     Ammonia. 
Faity.              AroTnatic.        Lysin.  Antipeptone  ? 

Leucin.  Tyrosin.         Arginin. 

Aspartic  acid.  Histidin. 

Glutamic  acid. 

This   gives  some  insight   into   the  great  complexity  of  the 
proteid  molecule. 

Tryptic  Digestion  {Salhowshi). 

50  grms.  fibrin  +  200  c.c.  alkaline  (carbonate  of  soda  i  p.c.)  chloroform 
water  +  liq.  pancreatious  ;  digest  for  36  hours  ;  then  boil  and  filter. 


Residue ;  coagulated  Filtrate  (A)  (reaction  with  bromine) 

Proteid.  concentrated  by  evaporation  and 

allowed  to  stand. 

I 

I  I 

Deposition  (B)  of  Filtrate     (C)     further 

Tyrosin.  concentrated ;  Leucin 

and  Peptone. 

[See  H.  M.  Vernon,  "The  conditions  of  action  of  trypsin  on  fibrin" 
(Joum.  of  Phys.,  xxvi.,  405,  1901).] 

4.  Other  products. — {a)  Digest  at  40°  C.  (24  to  36  hours)  equal 
parts  of  fresh  moist  fibrin  and  ox-pancreas  in  i  litre  of  i  p.c. 
sodium  carbonate  solution  to  which  some  thymol  has  been 
added,  or  an  ox-  pancreas  is  digested  in  the  same  way,  the  white 
of  an  egg  being  added  every  ten  hours  (Digest  A).  Make 
another  digest,  but  do  not  add  thymol.  Digestion  and  putrefac- 
tion take  place,  the  latter  causing  a  most  disagreeable  smell 
(Digest  B).  Filter  the  digest  A,  and  to  some  of  it  add  Millon's 
reagent,  which  precipitates  any  albumin.  Filter,  boil  the 
filtrate,  a  red  colour  indicates  tyrosin. 

(6)  Concentrate  some  of  the  filtered  digest  A  by  boiling  it  to 
a  small  bulk  on  a  water-bath.     After  several  hours  examine  a 
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drop  microscopically  for  leucin  and  tyrosin.     Precipitate  the 

peptones  in  some  of  the  filtered  digest  A  by  alcohol.     Filter. 

Concentrate  the  filtrate  on  a  water-bath,  when  a  sticky  deposit 

of  lencin  is  formed. 

The  digest  A  yields  the  chlorine  or  "  bromine  reaction." 
Test  the  digest  B  for  the  products  of  putrefaction. 

(c)  Examine  leacin  and  tyrosin  microscopically  (fig.  39).  The 
former  occurs  as  clear  refractive  balls,  often  with  radiating 
lines,  not  unlike  fat,  and  the  latter  consists  of  white  shining 
needles  arranged  in  sheaves  or  in  a  stellate  manner.  (See 
"  Urine.")  The  deposit  which  is  sometimes  formed  in  Benger's 
liquor  pancreaticus  consists  of  tyrosin. 

(d)  Tyrosin  test  (Hofmann). — Dissolve  some  in  boiling  water, 
add  Millon's  reagent,  and  boil,  which  gives  a  red  colour. 

(e)  Indol  test. — Use  either  the  watery  solution  of  indol  or  the 
filtered  ofiensive-smelling  fluid  before  it  is  distilled. 

(i.)  Warm  the  liquid,  and  add  first  a  drop  or  two  of  dilute 
HgSO^  to  the  filtered  liquid,  and  then  a  very  dilute  nitrite 
solution.  A  red  colour  indicates  the  presence  of  indol.  This 
test  is  very  readily  obtained  with  the  products  of  digestion  by 
Kuhne's  dry  pancreas  (Lesson  X.,  1,  e). 

(ii. )  Acidify  strongly  with  HCl  a  small  quantity  of  the  highly  offensive 
fluid  or  the  watery  solution,  and  place  in  it  a  shaving  of  wood,  or  a  wooden 
match  with  its  head  removed  and  soaked  in  strong  HCl.  The  match  is 
coloured  red. 

(y )  Chlorine  reaction  (due  to  so-called  tryptophan  or  protein- 
ohromogen  substance). — Add  to  some  of  the  digest  (4,  (b),  pre- 
ferably digest  B),  drop  by  drop,  chlorine  water;  it  strikes  a 
rosy-red  tint.  Or  add  very  dilute  bromine  water  (i  to  2  drops 
to  60  c.c.  water) ;  the  fluid  first  becomes  pale  red,  then  violet, 
and  ultimately  deep  violet  (Eiihne).  This  reaction  is  only 
obtained  after  the  breaking  down  of  part  of  the  peptone  molecule. 

III.  Action  on  fats. 

5.  (A)  Emulsification. 

(a)  Rub  up  in  a  mortar,  which  has  been  warmed  in  warm 
water,  a  little  olive  or  cottonseed  oil  or  melted  lard,  and  pieces 
of  fresh  pancreas.  A  creamy  persistent  emulsion  is  formed 
(microscope). 

(6)  Eub  up  oil  as  in  (a),  but  use  an  extract  of  the  fresh  pancreas  made 
with  I  p.  c.  sodium  carbonate.     A  good  emulsion  is  obtained. 

(c)  The  presence  of  a  httle  free  fatty  acid  greatly  favours  emulsification. 
Take  two  samples  of  cod-liver  oil,  one  perfectly  netUrat  (by  no  means  easily 
procured),  and  an  ordinary  brown  oil — e.g.,  De  Jongh's.     The  latter  con- 
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tains  much  free  fatty  acid.  Place  5  0.0.  of  each  in  two  test-tubes,  and 
pour  on  them  a  little  solution  of  sodium  carbonate  (i  p.c).  The  neutral 
oil  is  not  emulsified,  while  the  rancid  one  is  at  once,  and  remains  so. 
Many  oils  that  do  not  taste  rancid  contain  free  fatty  acids,  and  only  some 
of  them  give  up  their  acid  to  water,  just  according  as  the  fatty  acid  is 
soluble  or  not  in  water. 

(d)  Proteids  as  emulsifying  agents. — A  solution  of  albumose,  or  egg- 
albumin  shaken  up  with  olive  oil,  yields  an  emulsion.  Test  how  long 
each  lasts.  Emulsions  may  exist  both  with  acid  and  alkaline  reactions. 
Try  the  effect  of  acid-albumin  and  alkali-albumin  in  conserving  emulsions 
(o"5  o.c.  olive  oil  or  10  c.c).  The  emulsions  so  formed  last  far  longer  than 
those  with  native  proteid  (Moore  and  Krumbholtz,  Joum.  of  Phya.,  xxii.). 

B.  Fat-splitting  action  of  pancreatic  juice  (Steapsin,  lipase,  or 
pialyn,  the  ferment). — This  ferment,  to  use  the  new  terminology, 
is  called  lipase.  In  mammals  it  occurs  chiefly  in  the  pancreas, 
from  which  it  can  be  extracted  by  neutral  solvents,  as  it  is  very 
easily  affected  by  acids.  It  occurs  in  some  plants,  where  it  plays 
an  important  part  in  decomposing  fats  stored  up  as  reserve- 
products  in  many  seeds.  It  is  present  in  blood-serum  [Hanriot). 
During  germination  of  these  seeds — e.g.,  oi Ricinus,  the  castor- 
oil  plant — the  fats  are  split  up  by  it,  and  free  fatty  acids  and 
glycerin  are  liberated. 

C3H5(Ci,H3iO,)3  +  3H,0    =    C3H5(OH)3  +  3H.C,eH3A- 

Tripalmitin  (neutral  fat).  G-lycerin.  Palmitic  acid. 

(a)  To  an  emulsion  of  almond  oil  add  an  extract  of  fresh  pancreas,  made 
with  glycerin  mixed  with  i  p.c.  Na^COs,  ^^^  some  neutral  litmus  solution. 
Keep  warm.  The  litmus  becomes  red  from  the  liberation  of  free  fatty 
acids  by  the  lipase. 

(6)  A  solution  of  monobutyrine  (i  p.c.)  is  preferable.  Add  to 
it  a  piece  of  fresh  pancreas  and  a  trace  of  alkali — or  even  blood- 
serum — and  a  drop  of  phenolphthalein.  Heat  gently.  .  In  a  few 
minutes  the  pink  colour  of  the  phenolphthalein  is  discharged, 
showing  the  formation  of  a  free  acid  (^Hanriot). 

(c)  Neutral  oil. — A  perfectly  neutrai  oil  is  required,  and  as  all  com- 
mercial oils  contain  free  fatty  acids,  they  must  not  be  used.  Place  olive 
or  almond  oil  in  a  porcelain  capsule,  mix  it  with  not  too  much  baryta 
solution,  and  boil  for  some  time. ,  Allow  it  to  cool.  The  unsaponified  oil 
is  extracted  with  ether,  the  ethereal  extract  separated  from  the  insoluble 
portion,  and  the  ether  evaporated  over  warm  water.  The  oil  should  now 
be  perfectly  neutral  (.Krukenberg). 

IV.  6.  Milk-curdling  ferment. — Such  ferments  occur,  both  in 
the  animal  and  vegetable  kingdoms,  the  latter  yielding  the 
"vegetable  rennets."  They  are  often  associated  with  a  proteo- 
lytic ferment — e.g.,  in  pine-apple  juice  with  bromelin — and  are 
most  frequently  found  in  the  fruit  and  seed. 

(a)  Add  a  drop  or  two  of  brine  extract  of  the  pancreas  to 
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5  c.c.  warm  milk  in  a  test-tube,  and  keep  at  40°  0.  A  solid 
coagulum  forms,  and  then  whey  begins  to  separate. 

(6)  Eepeat  (a),  but  add  a  pinch  of  bicarbonate  of  soda. 
Coagulation  occurs,  so  that  this  ferment  acts  in  an  alkaline 
medium.     Its  power  is  destroyed  by  boiling. 

7.  Pancreatic  juice  on  milk. — (a)  Add  to  cow's  milk  dilute 
(i  :  5)  in  a  test-tube  a  drop  or  two  of  liquor  pancreaticus.  Keep 
at  40°  0.  for  half  an  hour.  The  caseinogen  is  first  curdled  and 
then  dissolved ;  the  milk  changes  from  a  white  to  a  yellowish 
colour,  and  has  a  peculiar  taste  and  odour. 

(6)  Divide  (a)  into  two  portions,  A  and  B.  To  A  add  dilute 
acetic  acid ;  there  is  no  precipitation  of  caseinogen,  which  has 
been  converted  into  peptones.  To  B  add  NaHO  and  CuSO^, 
which  give  a  rose  colour,  proving  the  presence  of  peptones. 

8.  Feptonise  milk. — A  pint  of  milk  is  diluted  with  a  quarter 
of  a  pint  of  water,  and  heated  to  a  lukewarm  temperature,  about 
140°  F.  (60°  C).  Or  the  diluted  milk  may  be  divided  into  two 
equal  portions,  one  of  which  may  be  heated  to  the  boiling-point 
and  then  added  to  the  cold  portion ;  the  mixture  will  then  be  of 
the  required  temperature.  Two  teaspoonfuls  of  liquor  pancrea- 
ticus, together  with  about  i  grm.,  or  half  a  level  teaspoonful 
of  bicarbonate  of  soda,  are  then  mixed  therewith.  The  mixture 
is  next  poured  into  a  jug,  covered,  and  placed  in  a  warm  situa- 
tion to  keep  up  the  heat.  In  a  few  minutes  a  considerable 
change  will  have  taken  place  in  the  milk,  but  in  most  cases  it  is 
best  to  allow  the  digestive  process  to  go  on  for  10  or  20  minutes. 
The  gradually  increasing  bitterness  of  the  digested  milk  is 
unobjectionable  to  many  palates ;  a  few  trials  will,  however, 
indicate  the  limit  most  acceptable  to  the  individual  patient ;  as 
soon  as  this  point  is  reached,  the  milk  should  be  either  used  or 
boiled  to  prevent  further  change.  From  10  minutes  to  half  an 
hour  is  the  time  generally  found  sufficient.  It  can  then  be  used 
like  ordinary  milk  {Roberts). 

9.  Succus  enterious Invertase,  or  (invertin)  sugar-splitting 

ferment,  exists  in  succus  entericus  and  the  mucous  membrane  of 
the  small  intestine,  which  splits  up  cane-sugar  into  dextrose  and 
levulose.  A  molecule  of  cane-sugar  takes  up  a  molecule  of  water, 
and  splits  into  two  molecules — one  of  glucose,  the  other  of 
jevulose  (fructose) — 

C13H22O1J  +  H2O  =  CeHuOj  +  CgHijOg. 
Gane-BUgar.  Glucose,         Levulose. 

A  similar  ferment  can  be  extracted  from  yeast  and  many  plants 
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(a)  Make  a  watery  extract  of  the  mucous  membrane  of  the 
small  intestine.  Digest  it  with  20  p.c.  cane-sugar  at  40°  C. 
After  a  short  time  test  for  reducing  sugars  with  Fehling's 
solution. 

Additional  Exercises. 

10.  Other  products  of  tryptic  proteolysis — Leucin  (OgHj3N02) 
and  Tyrosin  (CgH^NOg). 

(a)  Place  300  c.c.  of  a  I  p.c.  solution  of  sodium  carbonate  in  a  flask,  add 
5  grms.  of  fibrin,  5  c.c.  of  glycerin  extract  of  pancreas,  and  a  few  drops  of 
an  alcoholic  solution  of  thymol.  Keep  all  at  38°  C.  on  a  water-bath  for  10 
to  i6  hours,  shaking  frequently.  After  16  hours  take  a  portion  of  the 
mixture,  filter,  and  to  the  filtrate  cautiously  add  dilute  acetic  acid  to 
precipitate  any  alkali-albumin  that  may  be  present  in  it.  Filter,  and 
evaporate  the  filtrate  to  a  small  bulk,  ind  precipitate  the  peptones  by  a 
considerable  volume  of  alcohol.  Filter  to  remove  the  peptones,  and 
evaporate  the  alcoholic  filtrate  to  a  small  bulk,  and  set  it  aside,  when 
tyrosin  and  leucin  separate  ont.  Examine  them  microscopically  (fig.  39]. 
These  substances,  as  well  as  others — viz. ,  aspartic  acid  and  glutamic  acid — 
have  long  been  known  as  decomposition  products  of  vegetable  proteids — 
e.g.,  as  cleavage  products — by  boiling  with  dilute  acids.  Aspartic  acid  is 
amido-succinio  acid,  COOH.CH2CH(NH3).COOH,  and  is  also  a  product  of 
pancreatic  digestion  of  fibrin,  while  glutamic  acid,  COOH.C3H5(!N'H2). 
COOH,  is  amido-pyrotartaric  acid.  Both  acids  belong  to  the  fatty  acid 
series. 

Drechsel  has  recently  discovered  two  new  nitrogenous  bases — lysin  and 
lysatinin  or  lysatin — products  of  the  decomposition  of  proteids  (e.g.,  casein, 
gelatin,  egg-albumin)  when  the  latter  are  boiled  with  HCl  and  stannous 
chloride.  These  bodies  result  from  the  simple  hydrolytic  cleavage  of  the 
proteid  molecule,  and  it  has  recently  been  shown  by  Hedin  that  they  are 
also  formed  in  trypsin-proteolysis. 

(6)  Lysln,  CgH^NaOj,  is  a  diamido-caproic  acid,  and  is  a  representative 
of  the  fatty  acid  group,  and  has  intimate  chemical  relationships  with  leucin. 

(c)  Lysatinin  or  lysatin,  OgHuNsOa. — Its  coinposition  is  less  accurately 
known,  but  it  has  the  composition  of  a  kreatin.  The  special  interest  which 
attaches  to  this  body  is  that,  as  a  product  of  trypsin-proteolysis,  it  can  by 
simple  hydrolytic  decomposition  break  down  into  urea.  Thus,  trypsin- 
proteolysis  yields  cleavage  products,  from  one  or  more  of  which  comes  the 
substance  lysatin,  which  behaves  like  kreatin  in  this  respect — viz.,  that 
when  boiled  with  baryta-water,  it  yields  sarkosin  and  urea.  Thus, 
chemists  have  found  a  series  of  cleavage  products  the  result  of  hydrolytic 
decomposition  between  proteid  and  urea  (Chittenden,  Digestive  proteolysis, 
p.  103,  New  Haven,  1895.     Cartwright  Lectures). 

11.  Putrefactive  products  of  pancreatic  digestion.— These  include 
indol,  skatol,  phenol,  volatile  fatty  acida,  COj,  H2S,  CH4,  and  H. 

/  CH  =  CH 
Indol  CgHi/  ___^- — "=  CgHjN  and 

\nh 

<C  .  CII3  ^  CH 
NH 
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(a)  Preparation  of  indol.— Place  i  kilogrm.  of  fresh  fibrin  in  a  6-litre 
jar  with  4  litres  of  water  (to  which  i  grm.  KHjPOj  and  -5  grm.  MgS04  are 
added).  Mix  this  with  200  c.c.  cold  saturated  solution  of  sodic  carbonate, 
add  to  the  whole  a  quantity  of  putrefying  flesh-juice  and  some  pieces  of  the 
putrid  flesh  as  well.  Cork  the  vessel,  a  vent-tube  being  placed  in  the  cork, 
and  place  it  aside  for  5  to  6  days  at  a  temperature  of  40°  to  42°  C.  Distil 
and  acidify  the  strongly  ammoniaoal  distillate  with  HCl,  add  some  copper 
sulphate,  and  filter.  Shake  up  equal  volumes  of  the  distillate  and  ether  in 
a  separation  funnel.  Allow  the  filtrate  to  settle,  run  it  ofi',  add  some  fresh 
filtrate,  and  shake  again  with  the  same  ether.  Cistil  the  ethereal  extract 
to  about  one-fourth  of  its  volume,  shake  up  the  residue  very  thoroughly 
with  caustic  soda  (to  remove  phenol  and  traces  of  acids).  Distil  the  ether, 
and  after  the  addition  of  caustic  soda  distil  the  oily  indol.  The  distillate 
is  shaken  up  with  ether,  and  the  ethereal  extract  is  evaporated  at  a  low 
temperature,  when  crystals  or  plates  of  indol  separate.  This  preparation 
usually  contains  some  skatol.     (Drechsd  after  ScUlcowshi. ) 

Leuoin  or  a-Amido  -  isobutylacetic  acid,  CeHigNOj  =  2(CH3)CH  — 
CHj — CH(NH2)C0  .  OH,  and  Tyrosin  or  Paraoxyphenyl-a-Amidopropionic 

acid,    CsHiiNOa  =  C^i<!^^  (NHaJCO  .  OH.  —  These    two   bodies   are 

obtained  together  from  nearly  all  proteids  when  the  latter  are  decomposed 
by  the  action  of  acids.  The  former  belongs  to  the  fatty  bodies,  and  tyrosin 
to  the  aromatic  group,  and  is  a  derivative  of  benzene  (C5H5). 

1 2.  Preparation  of  Leuoin  and  Tyrosin.  — Place  2  parts  of  horn  shavings 
(4  to  I  kilo.)  in  a  mixture  of  5  parts  of  concentrated  sulphuric  acid  and  13 
parts  of  water.  Boil  for  24  hours  in  a  vessel  placed  in  connection  with  a 
condenser.  Add  thin  milk  of  lime  until  a  feebly  alkaline  reaction  is 
obtained,  filter  through  flannel,  re-extract 
the  residue  with  water,  mix  the  filtrate 
and  washings,  and  slightly  acidulate  them 
with  oxalic  acid.  Filter  to  remove  the 
oxalate  of  lime,  and  evaporate  the  filtrate 
until  a  scum  forms  on  the  surface.  Cool 
and  repeat  the  evaporation  process  until 
crystallisation  ceases  to  take  place  in  the 
mother-fluid.  Collect  the  mass  of  crystals, 
dissolve  them  in  boiling  water  with  the 
addition  of  ammonia,  and  add  lead  acetate 
until  the  resulting  precipitate  is  no  longer 
brown,  but  becomes  white.  Filter,  aci- 
dulate the  acid  filtrate  feebly  with  dilute 
sulphuric  acid,  filter  off  the  lead  sulphate 
and  allow  the  fluid  to  cool,  when  tyrosin 
in  an  almost  pure  form  crystallises  out. 

The  mother-liquor,  freed  from  tyrosin, 
is  treated  with  sulphuretted  hydrogen  to 
get  rid  of  the  lead,  filtered,  evaporated,  and  boiled  for  a  few  minutes 
with  freshly  precipitated  hydrated  copper  oxide,  which  forms  a  dark 
blue  solution.  The  latter,  when  filtered  and  evaporated,  yields  blue 
crystals  and  an  insoluble  compound  of  leucin-copper  oxide.  This  deposit 
and  the  crystals  are  decomposed  in  water  by  HjS  solution,  the  filtrate  when 
necessary  decolorised  by  boiling  with  animal  charcoal,  again  filtered  and 
evaporated  to  crystallisation,  when  leuein  crystallises  out.  It  is  obtained 
pare  by  recrystallisation  from  boiling  alcohol  (Drechsd). 


Fig.  39.- 


-Crystalfi  and  Bheaves  of 
Tyrosin. 
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13.  Tyrosin  is  insoluble  in  alcohal  and  in  looo  parte  of  cold  water, 

(a)  Observe  microscopically  its  crystalline  form,  as  fine  long  silky  needles 
arranged  in  sheaf-like  bundles  (fig.  39). 

(6)  Boil  a  hot  watery  solution  with  Millon's  reagent  (avoid  excess)  =  a 
red  colour  (Hofman's  teat),  due  to  the  presence  in  the  molecule  of  the 
group,  C6H4OH. 

14.  Leuoin. — (as)  Under  the  microscope  observe  it  in  the  form  of  refrac- 
tive balls,  with  radiating  and  concentric  lines.  It  is  soluble  in  27  parts  of 
cold  water,  and  much  less  soluble  in  alcohol. 

(5)  Heated  in  a  tube  it  sublimes  unchanged  in  very  fine  clouds  with  the 
odour  of  amylamine.  A  part  is  decomposed  into  CO2  and  C5H13N  (»myl- 
amine). 

15.  Drugs  on  proteolytic  action. — As  in  Lesson  VIII.,  11,  take  2  vols, 
of  5  p.c.  NagCOj,  i  vol.  pane,  extract,  2^  vols,  of  reagents,  piece  of  fibrin. 
Keep  at  40°.  Add  excess  of  NaHO,  and  then  CuSO^,  until  pink  just 
begins  to  pass  into  blue.  The  depth  of  the  pink  colour  roughly  corresponds 
to  the  amount  of  tryptic  digestion. 


LESSON   XI. 
BILE. 


Bile  from  a  fistula  contains  3  to  4  p.c.  of  solids,  but  that  from 
the  gall-bladder  13  to  14  p.c.  Its  characteristic  substances  are 
the  bile-salts  and  the  bile-pigments.  It  contains  no  proteids  or 
formed  elements  and  only  a  small  amount — if  any — of  a  diastatic 
ferment. 

1.  Use  bile  from  the  gall-bladder  of  an  ox  or  sheep,  and,  if 
possible,  human  bile. 

(a)  The  colour  in  man  is  brownish-yellow,  in  the  ox  greenish, 
but  often  it  is  reddish-brown  when  kept.  Note  its  bitter  taste, 
peculiar  smell,  and  S.G.  (loio  to  1020). 

(6)  If  fresh,  it  is  slightly  alkaline  or  neutral  to  litmus  paper. 

(c)  Pour  ox-bile  from  one  vessel  to  another,  and  note  the 
thread  of  so-called  mucin  between  the  two  vessels. 

{d)  Acidulate  diluted  bile  with  acetic  acid  =  copious  (yellow 
— i.e.,  coloured  with  the  bile-pigment)  precipitate  of  mucinoid 
or  mucoid  substance.  This  substance  is  formed  in  the  bile-ducts 
and  gall-bladder,  and  is  not  present  in  bile  secreted  in  the 
ultimate  bile-capillaries.  Filter  off  this  precipitate.  Test  the 
filtrate. 

(e)  It  gives  no  reactions  for  proteids. 
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(/)  Add  HOI  and  potassium  ferrocyanide.  A  blue  colour 
indicating  presence  of  iron.     Test  for  chlorides  and  other  salts. 

{g)  Fresh  human  bile  gives  no  spectrum,  although  the  bile  of 
the  ox,  mouse,  and  some  other  animals  does. 

2.  Bile-salts  or  bilin  (Glycocholate  or  taurocholate  of  sodium). — 
The  bile-salts  exist  in  bile  in  combination  with  alkalies  {e.g.,  Na). 
The  respective  proportion  between  the  two  salts  differs  in  dif- 
ferent animals.  Dog's  bile  contains  taurocholate,  not  the  other. 
When  bile  is  acidified  the  free  bile  acids  are  liberated ;  and  as 
glycocholic  acid  is  insoluble  in  water,  if  much  be  present,  it  is 
precipitated.     Note  that  taurocholic  acid  contains  sulphur. 

Glycocholic  acid  =  NH^  .  OOg  .  COOH  +  G^^^fi.. 
GlyoocoU.  Cholalio  aola. 

Taurocholic  acid  =  (NH2  .  OH^  .  CHjS^,^^)  +  C24H40O5. 

Taurin.  yjti-i      cholalio  acid 

(a)  Concentrate  ox-bile  to  one-fourth  of  its  bulk,  mix  with  animal  char- 
coal in  a  mortar  to  form  a  thick  paste.  Evaporate  to  complete  dryness 
over  a  water-bath. 

(6)  To  the  dry  charcoal-bile  mixture,  add  5  vols,  absolute 
alcohol.  Shake  the  mixture ;  after  half  an  hour  filter.  To  the 
filtrate  add  much  ether,  which  gives  a  white  precipitate  of  the 
bile-salts.  If  no  water  be  present,  sometimes  the  bile-salts  are 
thrown  down  crystalline ;  but  not  unfrequently  they  go  down 
as  an  opalescence  which  forms  a  resinous  mass.  Allow  the 
mixture  to  stand  for  a  day  or  two  to  obtain  the  glancing  needles 
which  constitute  Plattner's  crystallised  bile. 

Scheme  for  BUe-Salts,  &c.  (Salkowski). 

20O  c.c.  of  ox-bile,  dried,  mixed  with  animal  charcoal,  are  extracted  with 
absolute  alcohol  by  the  aid  of  heat ;  filter. 


Residue,  mMcin,  Alcoholic  solution  treated  with 

pigments,  salts,  charcoal.  ether. 

Precipitate,  Solution  contains 

BiLe-aodta.  Choleaterin, 

3.  Fetteukofer's  test  for  bile-acids  (salts)  and  cholic  acid. 

(o)  To  a  nearly  equal  volume  of  bile  add  a  drop  or  two  of 
syrup  of  cane-sugar  (lo  p.c).  Pour  in  concentrated  HgSO^,  at  the 
line  of  junction  of  the  two  fluids  a  purple  colour  is  obtained. 
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Furfuraldehyde  is  formed  by  the  action  of  sugar  and  HjSO^,  and 
the  purple  compound  is  due  to  the  aldehyde  compound  with 
cholalic  acid.  The  white  deposit  seen  above  the  line  of  junction 
is  precipitated  bile-acids.     They  are  insoluble  in  water. 

(6)  Or,  mix  bile  and  syrup,  shake  until  the  upper  part  of  the 
tube  is  filled  with  froth.  Pour  HjSO^  down  the  side.  The 
froth  becomes  purple. 

(c)  To  a  film  of  bile  on  a  porcelain  capsule  add  a  drop  of  syrup 
of  cane-sugar,  and  then  HjSO^  =  purple  colour. 

(d)  After  mixing  syrup  with  bile  add  strong  H2SO4  drop  by  drop  ;  mix 
them  thoroughly.  Heat  gently,  and  the  fluid  becomes  a  deep  purple 
colour.  Do  not  add  too  much  syrup  or  overheat  the  tube.  If  the  requisite 
amount  of  HQSO4  be  added  the  temperature  becomes  sufficiently  high 
(70°  C). 

(e)  Fwrfurol  (OT  p.o.)  may  be  used  in  place  of  sugar  {Mylius). 

If)  Fluorescence  of  cholic  acid  in  H^SOi. — To  bile  add  H2SO4,  but  no 
syrup.  Or  add  cholic  acid  to  H2SO4,  heat  slowly  =  golden  red  fluid  in 
transmitted  light,  and  green  fluorescence  by  reflected  light. 

4.  Similar  purple  colour  reactions  are  obtained  with  many  other 
substances — e.g.,  albumin  and  a-naphthol,  but  the  spectra  differ. 

Albumin  and  sulphuric  acid. — To  a  solution  of  acid-albumin  and  syrup 
add  H2SO4;  a  similar  tint  is  obtained.  The  spectra,  however,  are  different ; 
the  red-purple  fluid  from  bile  gives  two  absorption-bands— one  between  E 
and  F,  and  another  between  D  and  B.  In  the  albuminous  solutions  only 
one  absorption-band  exists,  between  E  and  F. 

5.  Bile  or  bile-salts  precipitate  sulphur  {M.  Say). 

{a)  In  one  beaker  (A)  place  diluted  bile,  and  in  the  other  (B)  water. 
Pour  flowers  of  sulphur  on  both.  The  sulphur  falls  in  a  shower  through 
the  fluid  of  A,  while  none  passes  through  B. 

(6)  Test  to  what  extent  bile  or  bile-salts  can  be  diluted  before  this  effect 
ceases.     It  is  due  to  diminution  of  surface  tension  by  bile-salts. 

Bile-pigments. — The  chief  are  bilirubin  (red)  and  biliverdin 
(green).     Most  probably  they  exist  not  as  such  in  bile,  but  as 
bilirubinate  and  biliverdinate  of  soda.     Bilirubin  is  the  initial 
pigment,  and  from  it  biliverdin  is  derived  by  oxidation.     This 
is  the  basis  of  Gmelin's  test.    The  two  pigments  can  be  separated, 
for  bilirubin  is  readily  soluble  in  chloroform,  and  only  slightly 
so  in  alcohol;  while  biliverdin  is  readily  soluble  in  alcohol,  and  . 
insoluble  in  chloroform.     They  contain  no  iron. 
Bilirubin    =  OggHggN^Og. 
Biliverdin  =  CggHj^N^Og. 

Ox-bile,  from  the  gall-bladder,  is  usually  yellowish,  sometimes 
green.  Pig  =  reddish  and  turbid  ;  rabbit  =  green ;  and  guinea- 
pig  =  green. 

6.  Gmelin's  test  for  bile-pigments. 

(a)  To  bile  on  a  white  porcelain  slab  add  a  drop  or  two  of 
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strong  nitric  acid  yeUow  with  nitroits  acid.  Notice  the  succession  of 
colours  in  zones,  beginning  with  green,  and  passing  through  blue, 
violet,  red,  to  dirty  yellow  (choletelin),  due  to  oxidation. 

Oholetelin  (OggHggN^Ojg)  is  produced  from  bilirubin  by  the 
,  oxidising  action  of  nitric  acid. 

(C3,H33N,0,)  +  0,  =  (Og^HgeN^Og)  +  2O2  =  (03,H3,N,Oi,). 

Bilirubin.  Biliverdin.  Choletelin. 

[2(C3,H3gN,Oe)  -  O2  +  H^O  =  2(C3,H3,NA  .  2H,0.] 

Bilirubin.  Hydrobilirubln. 

(b)  Slant  a  tube  containing  impure  nitric  acid  and  pour  in  bile,  a  similar 
play  of  colours  occurs — green  above,  bine,  red,  and  yellow  below.  It  is 
better  to  remove  the  mucin  by  acetic  acid  (Lesson  XI. ,  i ).  Or  add  the 
nitric  acid,  and  shake  af^ter  the  addition  of  every  few  drops ;  the  successive 
colours  from  green  to  yellow  are  obtained  in  great  beauty.  For  a  modifica- 
tion applicable  to  nrine  (see  "  Urine"). 

(c)  To  yellow  bile  add  alcoholic  solution  of  iodine  (oxidising  agent  = 
greenish  tint. 

{d)  To  green  bile  +  amm.  sulphide  and  shake  =  reduction  to  bilirubin. 

(e)  To  yellow  bile  +  KHO  and  heat,  acidulate  with  HCl  =  green  due  to 
oxidation  of  bilirubin. 

(/)  BUe  putrefaction. — Place  some  green  bile  in  a  tube  and  allow  it  to 
putrefy, — several  days ;  observe  a  yellowish  colour  beginning  below,  the 
top  layers  remaining  green. 

(g)  Extract  acidified  (A.  A)  ox-bile  with  chloroform  =  slight  yellow  tint  , 
of  the  chloroform  due  to  bilirubin.     Re-extract  with  absolute  alcohol  = 
greenish  extract  due  to  biliverdin. 

(h)  Bile  pigments. — Use  yellow  or  brown  bile  (or  biliary  calculi).  Dilute 
bile  slightly  with  water,  add  a  little  lime  water,  avoid  excess,  mix.  Pass 
stream  of  CO3  through  the  mixture  to  convert  any  excess  of  CaHO  into 
calcium  carbonate.  The  calcium  compound  of  bilirubin  is  precipitated  and 
filtered  o£F.  Wash  the  precipitate  with  water  and  suspend  it  in  water. 
Decompose  it  with  dilute  HCl,  and  at  once  extract  it  with  chloroform, 
which  dissolves  the  free  bilirubin.  The  bilirubin  can  be  precipitated  from 
the  CHCI3  solution  by  alcohol. 

7.  Cholesterin — Gall-stones. — (a)  Powder  a  gall-stone  and  ex- 
tract with  ether  or  boiling  alcohol.  Heat  the  test-tube  in  warm 
water,  and  see  that  no  gas  is  burning 
near  it.  Drop  the  extract  on  a  glass- 
slide,  and  examine  the  crystals  micro- 
scopically. They  are  rhombic  plates,  as 
if  they  had  an  oblong  piece  cut  out  of 
one  corner  (fig.  40).  Ethereal  solution 
yields   needles,    but    a    hot  alcoholic 

solution    gives     the     typical     plates  

(0„^H,,0 .  OH).      It    is   insoluble    in    „.  ,,    *  ,    r  t,  1   i.„,„ 

i  T    1  .,  Ill        ■       1  .1         1  ^'g'  40-— Crystals  of  cholesterin. 

water,    slightly    soluble    in    bile-salts, 

but  it  is  kept  in  solution  mainly  by  the  joint  presence  of  bile-salts 
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and  lecithin.     The  latter  also  though  insoluble  in  water  is  very 
soluble  in  bile-salts. 

(6)  Heat  crystals  in  a  watch-glass  with  a  few  drops  of  moderately  strong 
H2SO4  (s  :  i),  and  then  add  iodine;  a  play  of  colours,  passing  through 
violet,  blue,  green,  red,  and  brown,  occurs. 

(c)  Dissolve  crystals  in  chloroform — using  a  d/ry  tube — add  an  equal 
volume  of  conoentraUd  H2SO4,  and  shake  the  mixture.  The  chloroform 
solution  floats  on  the  top,  becomes  red,  but  changes  quickly  on  exposure  to 
the  air,  passing  through  violet  and  blue  to  green  and  yellow.  A  trace  of 
water  decolorises  it  at  once.    The  layer  of  H0SO4  shows  a  green  fluorescence. 

(d)  Liebermann't  reaction.  —  Cholesterin  dissolved  in  hot  anhydrous 
acetic  acid,  cool  +  concentrated  H2SO4  =  rose-red,  blue,  bluish -green 
colour. 

(e)  Crystals  acted  on  by  strong  H2SO4  become  red  (microscope). 

(/)  Examine  microscopically  crystals  of  cholesterin  found  in  hydrocele 
fluid.  The  crystals  may  not  be  perfect,  but  their  characters  are  quite 
distinct. 

[Lanolin  (fat  from  wool)  gives  (e)  and  {d).  Instead  of  glycerin  it  contains 
cholesterin  united  to  a  fatty  acid.] 

8.  Bile  in  digestioa 

(a)  On  starch. — Test  if  bile  (pig,  sheep,  or  ox)  converts  starch 
mucilage  into  a  reducing  sugar  (Lesson  VIII.). 

(6)  On  fats. — Mix  thoroughly  10  c.c.  bile  with  2  c.c.  almond 
oil,  and  observe  both  by  the  eye  and  the  microscope  to  what 
extent  emulsion  occurs,  and  how  long  it  lasts.  Compare  a  similar 
mixture  of  oil  and  water.  In  the  former  case  a  pretty  fair 
emulsion  will  be  obtained.  In  the  latter  the  oil  and  water 
separate  rapidly. 

(c)  Solvent  action. — To  10  c.c.  bile,  or  5  p.c.  bile-salts,  add 
oleic  acid,  shake,  examine  a  drop  microscopically  =  fatty  emul- 
sion. Heat  mixture  in  water-bath  for  an  hour,  when  few  fat 
globules  will  be  seen  with  the  microscope,  as  the  oleic  acid  has 
combined  with  the  soda  of  the  bile-salts  to  form  a  soap.  Bile 
is  a  solvent  of  free  fatty  acids,  and  also  of  soaps,  due  chiefly  to 
the  bile-salts. 

Bile  has  only  a  slight  emulsifying  power,  but  in  the  presence 
of  free  fatty  acids  soaps  are  formed  which  have  a  high  emul- 
sifying action,  but  its  chief  action  is  as  a  solvent. 

(d)  Mir  10  c.c.  bile  with  2  c.c.  almond  oil,  to  which  some  oleic  acid  is 
added.  Skake  well,  and  keep  the  tube  in  a  water-bath  at  40°  C.  A  very 
good  emulsion  is  obtained.  The  bile  dissolves  the  fatty  acids,  and  the 
latter  decompose  the  salts  of  the  bile-aoids ;  the  bile-acids  are  liberated, 
while  the  fatty  acid  unites  with  the  alkali  of  the  bile-salts  to  form  a  soap. 
The  soap  is  soluble  in  the  bile,  and  serves  to  increase  the  emulsifying 
power,  as  an  emulsion,  once  formed,  lasts  much  longer  in  a  soapy  solution 
than  in  water. 
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(e)  Action  on  proteid  products  of  gastric  digestion. — To  a  filtered 
gtstric  fibrin  digest  add  ox-bile,  or  solution  of  bile-salts.  It  causes  a  white 
piecipitate  of  peptones  and  acid-albumin.  The  acid  of  the  gastric  juice 
splits  up  the  bile-salts,  so  that  the  bile-acids  are  also  thrown  down. 

';/)  Action  on  acid-albumin. — To  acid-albumin  in  solution  (Lesson  I.) 
add  bile  or  bile-salts  =  curdling  of  the  mass. 
I 

[Bile  as  a  solvent. — Bile  has  practically  no  specific  action  on 
any  of  the  three  classes  of  food-stuffs ;  in  this  respect  it  is  unlike 
the  other  digestive  fluids.  Its  presence  in  the  intestine  is  neces- 
sary for  the  complete  absorption  of  fats  in  normal  quantity, 
although  fats  are  absorbed  to  a  less  extent  in  its  absence. 

It  has  been  shown  that  bile  acts  as  a  solvent  (i)  for  lecithin 
and  cholesterin,  two  bodies  which  occur  in  bile  in  greater  quan- 
tity than  in  any  other  fluid  in  the  body,  and  the  bile  seems  to 
be  the  only  channel  by  which  these  substances  are  removed 
from  the  body ;  (2)  for  both  free  fatty  acids  and  soaps  in  the 
intestines ;  in  fact  the  solubility  of  the  former  entirely  depends 
on  its  presence.  These  solvent  powers  are  chiefly  due  to  the 
lile-salts,  but  in  the  case  of  the  fatty  acids  and  soaps,  the  action 
is  greatly  increased  by  the  pre- 
sence of  lecithin.  These  solvent 
powers  help  to  explain  the  re- 
absorption  of  the  bile-salts  and 
the  precipitation  of  lecithin  and 
cholesterin,  as  the  bile-salts  are 
absorbed  into  the  columnar  epi- 
thelium of  the  villi.  Chole- 
sterin has  but  a  low  solubility 
in  bile,  while  lecithin  is  readily 
soluble.  This  explains  why 
gall-stones   are    so  frequently 

almost    entirely    composed     of      ^ig'  41.— Double-walled  Alter  for  flltering 

cholesterin.  This     solvent  hot  solutions, 

action  of  bile  on  insoluble  substances  is  obviously  of  primary, 
perhaps  major,  importance  in  the  absorption  of  fats  and  in 
the  excretion  of  otherwise  insoluble  substances.  ("  Bile  as  a 
solvent,"  Moore  and  Parker,  Proc.  Roy.  Sac,  Ixviii.,  64,  1901.] 

Additional  Exbecises. 

9.  Cholesterin. — (o)  Boil  powdered  pale  gall-stones  in  water,  and  then 
extract  them  with  boiling  alcohol.  Filter  through  a  double- walled  filter 
kept  hot  with  boiling  water  (fig.  41).  The  filtrate,  on  cooling,  precipitates 
impure  cholesterin.  Kecrystallise  it  from  boiling  alcohol  containing  potash, 
wash  with  alcohol  and  water,  and  dry  the  residue  in  a  desiccator  (fig.  13).  - 


/ 
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Scheme  for  GallrStones  (Salkowski). 
Powdered  gall-stones  are  extracted  with  ether ;  filter. 


I  I  I 

Solution  evaporated  Residue  (B)  treated  on  tiie      l 

Gholesterin  (A).  filter  witli  dUute  HCl. 

I ^1    .       I 

Solution  (C)  lAme  salts.  Residue  (D)  washed  with  water, 

dried,  treated  with  chlorofornl ; 

Bilirubin.  • 

(6)  Make  a  5  p.o.  solution  of  bile-salts  (OX)  and  test  at  39°  C.  to  what 
extent  cholesterin  or  cholesterin  gall-stones  are  soluble.     It  has  an  ex-  j 
cessively  low  solubility,  as  was  shown  by  E.  M.  Brockbank  in  Owens  / 
College  in  1893  ("Gall-Stones,"  Diss,  for  M.D.,  Victoria  University),  a' 
fact  recently  confirmed  by  Moore.  j 

10.  Grlycocholio  acid.  (Hufner's  method). — To  every  100  parts  of  ox  bile! 
in  a  stoppered  bottle  add  4  vols,  of  ether  and  4HCI.  "  Sow"  in  it  a  fewl 
crystals  of  glycocholic  acid,  and  shake  vigorously.  Let  the  vessel  stand 
for  some  time  in  a  cool  place.  The  mixture  may  become  almost  solid  from 
the  formation  of  crystals  of  glycocholic  acid.  Filter,  and  wash  mass  in 
filter  with  cold  distilled  water,  until  all  green  pigment  is  removed.  Boil 
the  crystals  in  distilled  water,  and  cool.  Acicular  crystals  separate  out. 
It  succeeds  also  with  rabbits'  bile. 

11.  Mioro-ohemical  reactions  for  iron  in  liver  cells. — (a)  Harden  the 
liver  or  spleen  of  a  young  animal  in  alcohol.  Make  sections,  and  place  them 
in  a  freshly-prepared  solution  consisting  of  equal  parts  of  1'5  p.c.  solution 
of  potassium  ferrocyanide  and  0"5  p.c.  HCl.  The  granules  of  iron  become 
blue  (Tizzoni). 

(6)  Harden  the  liver  in  65  p.c,  then  in  90  p.c.  alcohol  to  which  a  few 
drops  of  sulphuretted  hydrogen  are  added.  After  24  hours  the  iron 
granules  become  green  {Zaiesld). 

(c)  Organic  and  inorganic  iron. — The  sections  of  alcohol-hardened  tissue 
are  placed  for  a  short  time  in  a  watery  solution  of  hsematoxylin,  0-5  p.c. 
in  distilled  water.  Any  free  iron,  or  iron  in  inorganic  combination,  is 
stained  blue-black.  It  has  no  effect  upon  true  organic  compounds  of  iron. 
Artificial  "ferratin"  gives  the  reaction  for  inorganic  iron.  To  show  iron 
in  organic  combination  previously  treat  the  sections  with  96  p.  c.  alcohol 
containing  10  parts  HCl  (Macallum,  Joum.  of  Phys.,  xxii.,  92,  1897). 

(d)  Toluylenediamin  if  injected  into  the  blood-vessels  of  a  chloroformed 
animal,  after  4  to  5  hours  causes  much  iron  to  appear  in  the  cells  around 
the  hepatic  vein  in  the  centre  of  a  liver  lobule. 

12.  Micro-chemical  reaction  for  phosphorus  in  cells. — Place  sections  of 
the  fresh  organ,  or  organ  fixed  in  OSO4,  for  half  an  hour  in  a  strong  solution 
of  ammonium  molybdate,  and  then  transfer  them  to  a  20  p.c.  solution  of 
pyrogallic  acid  dissolved  in  ether.  After  a  few  minutes  pass  them  through 
spirit  and  clove  oil,  and  mount  in  Canada  balsam.  A  compound  containing 
phosphorus  is  stained  yellow  or  brown,  and  such  compounds  are  usually 
found  in  the  nuclei.  It  is  stated  that  by  this  method  nucleo-albumin  may 
be  distinguished  from  mucin  (Lilienfeld  and  Monti,  Zeit.  f.  phydol.  Ghem., 
xvii.,  410,  1893). 
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N.B,—M.aca.\\um  {Proe.  Roy.  Soc,  vol.  Ixiii.,  1898)  uses  the  following 
method  for  localising  P  in  tissue  elements.  The  sections  of  tissue  are 
acted  on  for  some  hours  at  35°  C.  by  a  nitro-molybdate  mixture,  and  are 
then  transferred  to  I  to  4  p.c.  freshly-prepared  aqueous  solution  of  phenyl- 
hydraain  chloride,  when  the  presence  of  "masked"  phosphorus  is  shown 
by  the  dark-green  oxide  of  molybdenum.  Mount  in  balsam.  Use  fresh 
tissue,  but  alcohol-hardened  material  is  the  best.  The  "nitro-molybdate 
reagent "  is  made  by  dissolving  i  part  of  pure  molybdic  acid  (MoOg)  in 
4  parts  of  strong  ammonia,  and  adding  slowly  15  parts  HNOa  (S.G.,  i"2), 
which  gives  a  yellowish  colouring  fluid.     Decant  off  from  any  precipitate. 

The  inorganic  phosphates  are  first  and  rapidly  affected,  then  lecithin, 
and  lastly,  the  organic  phosphorus,  which  is  much  more  slowly  converted 
into  orthophosphate.  To  exclude  lecithin,  extract  the  tissues  frequently 
with  hot  alcohol.  This  method  has  shown  the  presence  of  "masked" 
phosphorus  in  the  chromatin  of  all  animal  and  vegetable  nuclei— in  aniso- 
tropouB  substance  of  muscle,  zymogen  of  pancreas,  liver  cells,  Nissl's 
granules  in  nerve  cells,  &c. 

13.  Mucin  and  Mucinoid. : — 


Viscidity, 

Alcohol, 
Caustic  alkalies. 
Acetic  acid, 
Elemen.  comp. 
Boiled  with 


True  Mucin.  " Mucinoid"  from  bile. 

caused  by  both. 


Soluble. 

X  Insol.  in  excess. 

C.H.O.N.S. 
Froteid  and 


Boiled  with    I  reducing  sugar, 
mmeral  aeid,  J  so 

yields,  . '.  Comp.  of  a 

"Glyoo-proteid." 


Soluble. 
X  Sol.  in  excess. 

C.H.O.N.S.P. 
No  reducing  body. 

Digested  c  gastric  juice 

yields  P-oontaining  body. 
Nuolein  -I-  proteid. 
' '  Nucleo-proteid. " 


LESSON  XII. 


GLYCOGEN  IN  THE  LIVER. 


Glycogen,  or  animal  starch,  is  an  amylose,  soluble  in  water, 
insoluble  in  alcohol  and  ether.  Its  aqueous  solutions  are 
opalescent  and  non-dialysable.  It  does  not  reduce  Fehling's 
solution,  nor  does  it  ferment  with  yeast  (Lesson  III.). 

1.  Preparation. — (a)  Feed  a  rabbit  on  carrots  and  bran  for  a 
day,  or  a  rat  on  oats,  and  5  or  6  hours  after  the  last  meal 
decapitate  it  or  kill  it  by  bleeding ;  or,  by  means  of  a  tube, 
introduce  into  the  stomach  10  to  15  grms.  of  cane-sugar  dissolved 
in  water  5  to  6  hours  before  the  rabbit  is  killed.     Rapidly  open 
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the  abdomen,  remove  the  liver,  cut  one-half  in  pieces,  and  throw 
it  into  one  hundred  .times  its  bulk  of  boiling  water  slightly 
acidulated  with  acetic  acid.  Lay  the  other  half  aside,  keeping 
it  moist  in  a  warm  place  for  some  hours,  and  then  extract  it  by 
any  of  the  methods  for  the  preparation  of  glycogen.  It  may 
yield  little,  the  glycogen  being  replaced  by  grape-sugar.  After 
boiling  the  first  portion  for  several  minutes  until  the  cells  are 
killed,  their  proteids  coagulated  and  the  ferment  destroyed, 
pound  it  in  a  mortar  with  sand,  and  boil  again  for  a  few 
minutes.  Filter  while  hot.  The  filtrate  is  opalescent,  and  is  a 
watery  solution  of  glycogen  and  other  substances.  The  acetic 
acid  coagulates  the  proteids,  while  the  boiling  water  destroys 
either  a  ferment  in  the  liver  or  the  liver  cells,  which  would 
convert  the  glycogen  into  grape-sugar. 

(b)  Briicke's  method. — Feed  and  kill  a  rabbit,  as  in  foregoing 
paragraph.      Open  the  abdomen,   rapidly   remove    the    liver. 


42.— Hot-Air  Oven.    G,  Gas  regulator;  E,  Thermometer. 


Wash  out  blood-vessels  with  normal  saline  ;  divide  it  into  two  ; 
cut  one-half  as  rapidly  as  possible  into  small  pieces,  and  throw 
them  into  boiling  water.  Boil,  and  afterwards  pound  them  in  a 
mortar  and  boil  again.  Filter  while  hot  into  a  cooled  beaker, 
observe  the  opalescent  filtrate,  which  is  a  solution  of  glycogen 
and  proteids.  Precipitate  all  the  proteids  by  adding  alter- 
nately   HCl    and    potassio-mercuric    iodide.      Filter    ofi'    tha 
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proteids,  and  the  opalescent  filtrate  is  an  imperfect  solution  of 
glycogen.  Separate  the  glycogen.  Evaporate  the  fluid  to  a  small 
bulk,  and  precipitate  the  glycogen  by  adding  96  p.c.  alcohol 
until  the  solution  contains  over  60  p.c.  of  alcohol.  The  glycogen 
is  precipitated  as  a  white  flocculent  powder,  which  is  collected 
on  a  filter,  washed  with  alcohol  and  ether,  and  then  dried  in  an 
oven  at  100°  0.  (fig.  42). 

(c)  Kulz'a  metliod.  —  Feed  a  rabbit  and  kill  it  as  above.  Open  the 
abdomen,  rapidly  remove  the  liver  (weigh),  cut  it  quickly  into  pieces,  and 
throw  the  latter  into  a  large  porcelain  capsule  (400  c.c.  water  to  100  grms. 
liver)  of  water  boiling  briskly.  Boil  for  half  an  hour.  Remove  them,  rub 
them  up  into  a  pulp  in  a  mortar  with  well- washed  white  sand.  Replace  the 
pulp  in  the  boiling  water  and  add  3  to  4 grms.  of  KHO  (i.e.,  for  100  grms. 
liver).  Heat  on  a  water  bath  and  evaporate  until  about  200  c.c.  of  fluid 
remains  for  100  grms.  liver.  If  a  pellicle  forms  on  the  surface,  heat  the 
whole  in  a  beaker  covered  with  a  watch-glass  until  the  pellicle  is  dis- 
solved. Cool.  Neutralise  with  dilute  HOI  and  precipitate  the  proteids  by 
adding  alternately  HCl  and  potassio-mercuric  iodide  in  small  quantities, 
until  no  further  precipitation  occurs.  Filter  through  a  thick  filter  to 
remove  proteids.  Remove  the  deposit  from  the  filter  with  a  spatula,  and 
rub  it  up  in  a  mortar  with  water  containing  HCl  and  potaSsio-merourio 
iodide,  and  again  filter  the  pulp.  Repeat  this  process  several  times  to  get 
out  all  the  glycogen.  Mix  the  filtrates  and  add  2  volumes  of  96  p.c. 
alcohol,  stirring  briskly ;  this  precipitates  the  glycogen.  Allow  it  to  stand 
in  a  cool  place  for  a  night ;  filter,  and  wash  the  precipitate  thoroughly,  first 
with  62  p.  c.  and  then  with  96  p.  0.  alcohol.  Usually  the  glycogen  contains 
traces  of  albumin.  To  remove  the  latter,  redissolve  the  moist  glycogen  in 
warm  water,  and  after  cooling,  reprecipitate  with  HCl  and  potassio-mercuric 
iodide  and  proceed  as  above.  Wash  the  glycogen  with  alcohol  and  then 
with  ether,  and  dry  it  by  exposure  to  the  air.  This  method  gives  the 
most  satisfactory  results. 

(d)  Franhd's  method.  — Rub  up  the  liver  with  2^  volumes  of  2  to  4  p.  c. 
solution  of  trichloracetic  acid — which  precipitates  the  proteids — filter, 
wash  with  trichloracetic  acid,  and  precipitate  the  filtrate  with  alcohol  as 
above. 

(e)  Instead  of  a  rat  or  rabbit's  liver,  use  oysters  or  the  edible  mussel, 
and  prepare  a  solution  of  glycogen  by  methods  (a)  or  (6). 

N.B. — Nerking  [Pflilger's  Archiv.,  Ixxxv.,  313,  1901)  finds  that  boiling 
with  water  does  not  extract  all  the  glycogen  either  from  liver  or  muscle. 
More  may  be  extracted — after  boiling  water — by  potash 

(/)  Use  the  other  half  of  the  liver  of  the  rat  or  rabbit  that 
has  been  kept  warm,  and  make  a  similar  extract  of  it. 

2.  Precipitate  the  glycogen  with  alcohoL  —  Evaporate  the 
filtrate  of  (a)  or  (b)  to  a  small  bulk,  add  alcohol  to  60  p.c.  to 
precipitate  the  glycogen  as  a  white  powder.  Filter ;  wash  the 
precipitate  with  absolute  alcohol  and  ether,  and  dry  it  over 
HjSO^  or  in  a  hot-air  oven  (fig.  42). 

3.  Glycogen  tests. — (a)  To  the  opalescent  filtrate  add  iodine 
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solution  =  a  port  wine  red  or  mahogany-brown  colour  (like 
erythro-dextrin).  If  much  glycogen  be  present  the  colour 
disappears,  and  more  iodine  has  to  be  added.  Heat  to  70°  C.  : 
the  colour  disappears,  but  returns  on  cooling. 

N.B. — Make  a  control-experiment.  Take  two  test-tubes,  A  and  B.  In 
A  place  glycogen  solution  ;  in  B,  an  equal  volume  of  water.  To  both  add 
the  same  amount  of  iodine  solution.     A  becomes  red,  B  faint  yellow. 

(6)  Add  lead  acetate  =  a  precipitate  (unlike  dextrin).  The 
solution  must  be  free  from  proteids  and  mercuric  salts. 

(c)  Add  lead  acetate  and  ammonia;  the  glycogen  is  precipi- 
tated (like  dextrin). 

(d)  Saturate  either  the  solution  or  its  iodide  with  Am2S04  = 
white  precipitate. 

(e)  Test  a  portion  of  the  glycogen  solution  for  grape-sugar.  There  may 
be  none,  or  only  the  faintest  trace. 

(/)  To  a  portion  (A)  of  the  glycogen  solution  add  saliva  or  liquor  pan- 
creaticus,  and  to  another  portion  (B)  add  blood,  and  keep  both  at  40°  C. 
After  10  minutes  test  both  for  sugar.  (A)  will  be  transparent,  and  give  no 
reaction  with  iodine.  Perhaps  both  will  give  the  sugar  reaction  ;  but  cer- 
tainly (A)  will,  if  care  be  taken  that  the  solution  is  not  acid  after  adding 
the  saliva.     The  ptyalin  converts  the  glycogen  into  a  reducing  sugar. 

(g)  Boil  glycogen  solution  with  one-third  its  volume  of  HCl  in  a  flask ; 
the  opalescence  disappears,  with  the  formation  of  glycogen,  dextrin,  and 
dextrose  ;  neutralise  with  NaHO,  and  test  with  Fehling'a  solution  for  sugar. 

{h)  To  a  solution  add  solution  of  commercial  peptones,  and  test  with 
iodine.  The  reaction  only  occurs  after  much  I  is  added,  and  may  be 
absent  if  the  peptones — i.e.,  albumoses —greatly  predominate.  Hence 
impure  glycogen  solutions  give  bad  iodine  reaction. 

(t)  Glycogen  does  not  dialyse.     (Try. ) 

4.  Test  the  watery  extraet  of  the  other  half  of  the  liver.  It 
is  clearer,  perhaps  only  slightly  opalescent. 

(a)  Perhaps  no  glycogen  reaction,  or  only  a  slight  one. 
(6)  It  contains  much  reducing  sugar. 

&.  Extract  of  dead  liver. — (a)  Mince  a  piece  of  liver  from  an 
animal  which  has  been  dead  for  24  hours.  Boil  either  in  water 
or  a  saturated  solution  of  NajSO^.  Filter  ;  the  filtrate  is  clear 
and  yellowish  in  tint,  but  not  opalescent.  It  is  acid  to  litmus 
paper. 

(b)  Test  with  iodine  =  little  or  no  glycogen. 

(c)  Tests  for  grape-sugar  =  much  reducing  sugar. 

After  death  the  glycogen  is  transformed  into  grape-sugar 
unless  precautions  be  taken  to  prevent  this  transformation. 

6.  Hydrolysis  of  glycogen. — Boil  a  2  p.c.  solution  of  glycogen  with  an 
equal  volume  of  2  p.c.  HCl.  The  opalescence  disappears,  and  if  the  solution 
be  tested  from  minute  to  minute  as  for  starch  it  will  be  found  to  show 
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successively  solnble  glycogen,  an  erythrodextrin,  aohroodextrin,  and  finally 
dextrose.  The  first  two  are  readily  "salted  out"  by  Ani2S04  (Tebb, 
Joum.  of  Phys.,  xxii.  421,  1898). 

7.  Jllorochemical — Glycogen  in  liver  cells. — The  essential  part  of  this 
process  is  that  as  glycogen  is  soluble  in  water,  the  liver  or  other  tissue 
supposed  to  contain  the  glycogen  must  not  he  placed  in  water.  Feed  a 
rabbit  on  carrots,  and  5  to  6  hours  afterwards  kill  it ;  cut  part  of  the  liver 
into  small  pieces  and  harden  them  in  absolute  alcohol.  Cut  hand  sections, 
moistening  the  razor  with  alcohol,  or  embed  and  cut  in  paraffin.  Get  rid 
of  the  paraffin  by  means  of  turpeatine,  and  treat  both  the  paraffin  and 
alcohol  sections  with  chloroform  in  which  iodine  is  dissolved,  and  mount  in 
chloroform  balsam  containing  some  iodine.  The  brown  stain  in  the  liver 
cells  indicates  glycogen,  which  is  deposited  chiefiy  in  the  cells  around  the 
hepatic  vein.  Use  an  autumn  frog.  The  sections  may  be  mounted  in  a 
syrupy  solution  of  Isevulose. 


LESSON   XIII. 

MILK,   FLOUB,   AND   BEEAD. 

I.  Cow's  milk  on  an  average  contains  water  87  and  solids  13  p.c, 
consisting  of  caseinogen  (and  little  laot.-alb.)  4,  fats  3-8,  lactose 
3 -8,  and  salts  07  p.c. 
Human  milk  contains 
more  lactose,  5  p.c,  and 
less  proteid,  27  p.c. 

I.  Milk.— Use  fresh  cow's 
milk.     Examine 

(a)  Its  "naked -eye" 
characters, 

(6)  Noting  numerous 
small,  highly  -  refractive 
oil -globules  floating  in  a 
fluid  lactoplasm  (fig.  43). 

(i.)  Add  dilute  caustic  soda. 
The  globules  run  into  groups. 

(ii.)  Add  osmic  acid  ;  globules 
first  become  brown  and  then 
black. 

(ill.)  In  colostrum  observe  the 
"  colostrum  corpuscles  "  (fig. 
43,0). 

(iv.)  Add  Soudan  iii.,  yellowish  colour  of  fat  globules,  or  "SchlarchR" 
[or  "  Scarlet  R  "]  red  colour  of  globules. 

(c)  Its  reaction  is  neutral  or  slightly  alkaline  to  litmus  paper. 
If  stale  or  "turned"  it  is  acid  (due  to  lactic  acid  from  lactose). 


Fig.  43.— Microscopic  Appearance  of  Milk.  The 
upper  halt,  M,  is  milk;  the  lower  halt, 
colostrum,  C. 
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{d)  Take  the  specific  gravity  (roz8  to  1034)  of  perfectly  fresh 
unskimmed  milk  with  the  lactometer.  Take  it  next  day,  after 
the  cream  has  risen  to  the  surface,  or  after  the  cream  is  removed. 
The  S.G.  is  increased  (1035  to  1037)  by  the  removal  of  the 
lightest  constituent — cream.  The  S.G.  is  raised  by  the  addition 
of  water.     Wliy  ? 

(e)  Dilute  milk  with  10  volumes  of  water,  neutralise  it  with 
dilute  acetic  acid,  and  observe  that  at  first  there  is  no  precipitate, 
as  the  caseinogen  is  prevented  from  being  precipitated  by  the 
presence  of  alkaline  phosphates  (Lesson  I.).  Cautiously  add 
more  until  there  is  a  copious  granular  precipitate  of  caseinogen, 
which,  as  it  falls,  entangles  the  greater  part  of  the  fat  in  it. 
Precipitation  is  hastened  at  70°  C. 

(f)  Proteids. — Filter  (e)  through  a  moist  plaited  filter.  Keep 
the  residue  on  the  filter.  Divide  the  fairly  clear  filtrate  into 
two  portions.  Take  one  portion,  divide  it  into  two,  and  boil 
oue  =  a  precipitate  of  lactalbumin  (serum-albumin).  Filter,  and 
keep  the  filtrate  to  test  for  sugar.  To  the  remainder  add 
potassium  ferrocyanide,  which  also  precipitates  the  albumin. 

{g)  Test  the  second  half  of  the  filtrate  for  milk-sugar.  Instead 
of  proceeding  thus,  test  for  the  presence  of  a  reducing  sugar  with 
the  filtrate  of  {/)  after  the  separation  of  the  serum-albumin. 

(h)  Scrape  off  the  residue  of  casein  and  fat  from  the  filter  (/) ;  wash  with 
water,  and  exhaust  the  residue  with  a  mixture  of  ether  and  alcohol.  Place 
some  of  the  ethereal  solution  on  a  slide,  and  allow  it  to  evaporate,  a  greasy 
stain  of  fat  is  obtained. 

(i)  To  fresh  milk  add  a  drop  of  tincture  of  guaiacum,  which  strikes  a  blue 
colour ;  boiled  milk  is  said  not  to  do  so. 

Separation  of  the  chief  constituents  of  milk  (Salkowski). 
Milk  diluted  with  water,  precipitated  with  acetic  acid  and  filtered. 


Filter-residue  (A)  (Caseinogen  Filtrate  (B),  (lact-albumin,  milk- 

+  Fat).     Extract  with  sugar,  salts),  ooncentrated'by 

ether.  evaporation. 

I I 


I  I                               I                                    I 

Residue :  Solution  Coagulated  Further  evaporated 

Caseinogen,  still  evaporated  Albumin  (E).  OcUcic  phospjeate  (F), 

with  fat  (C).  Butter  fat  (D).                                       MUh-sugoS-  (G). 

2.  Separation  of  caseinogen  by  salts — Whey. — Saturate  milk 
with  crystals  of  MgSO^  or  NaOl,  or  half  saturate  with  AmjSO^. 
The  caseinogen  and  fat  separate  out,  rise  to  the  surface,  and 
leave  a  clear  salted  whey  beneath.     Caseinogen,  like  globulins. 
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is  precipitated  by  saturation  with  NaCl  or  MgSO^,  but  it  is  not 
coagulated  by  heat.  It  was  at  one  time  supposed  to  be  an 
alkali-albumin,  but  the  latter  is  not  coagulated  by  rennet.  It 
appears  to  be  a  nucleo-albumin — i.e.,  a  compound  of  a  proteid 
with  nuclein,  the  latter  a  body  rich  in  phosphorus.  It  is  not 
coagulated  by  boiling  or  by  alcohol. 

Precipitation  of  Oaseinogen  by  MgSOi  '"■  ^"?/  *"*•  '"^^^  Am^Oi. 


Filter  residue  Filtrate  :  Milk,  sugar, 

Fat  +  Caseinogen.  albumin,  salts. 

Collect  the  precipitate  of  caseinogen  and  fat  on  a  filter  and  wash  it  with 
a  saturated  solution  of  MgSOi.  Add  distilled  water,  which  in  presence  of 
the  MgS04  dissolves  the  caseinogen,  which  passes  through  the  filter  and  is 
collected.  From  the  solution  of  caseinogen  in  weak  MgS04,  precipitate  the 
caseinogen  by  excess  of  acetic  acid.  To  get  the  caseinogen  quite  pure  it 
must  be  redissolved  in  weak  alkali  or  lime  water,  and  precipitated  and 
redissolved  several  times. 

The  filtrate  after  precipitation  of  caseinogen  contains  lactalbumin,'  and 
can  be  completely  precipitated  by  saturation  with  Na2S04.  It  coagulates 
between  70°  and  80°  C. 

The  fluid  contains  lactose,  salts,  and  serum-albumin.    Filter. 

3.  Butter. — Place  milk  in  a  narrow,  cylindrical,  stoppered 
bottle ;  add  half  its  volume  of  NaHO  and  ether ;  shake  the 
mixture.  Put  the  bottle  in  a  water-bath  at  a  low  temperature ; 
the  milk  loses  its  white  colour,  and  an  ethereal  solution  of  the 
fats  floats  on  the  surface.  On  evaporating  the  ethereal  solution 
the  butter  is  left  behind. 

Milk  fats  consist  chiefly  of  palmitin,  stearin,  and  olein,  mixed 
with  fats  derived  from  fatty  acids  lower  in  the  series— e.g'., 
butyrin  and  caproin.  The  proportion  is  given  as  olein  ^, 
palmitin  ^,  stearin  |-,  butyrin,  caproin,  and  caprylin  ■^. 

4.  Salts. — (a)  To  the  filtrate  of  6  (a),  add  magnesia  mixture —  - 
Lesson  XVII.  {g),  i.e.,  ammonio-sulphate  of  magnesia,  which  gives 
a  precipitate  of  phosphates.    Calcium  phosphate  is  the  most  abun- 
dant salt.      There  is  a  little  magnesium  phosphate.     Test  with 
HNO3  and  ammonium  molybdate  and  heat  =  yellow  precipitate.  ! 

(b)  Silver  nitrate  gives  a  precipitate  insoluble  in  nitric  acid, 
indicating  chlorides  (chiefly  potassium  and  sodium). 

(c)  ■  ^dd  ammonium  oxalate  =  precipitate  due  to  calcium  salts. 

5.  Boil  milk  in  a  porcelain  capsule.  No  coagulation.  Re- 
move the  surface  pellicle  formed ;  boil  again ;  another  pellicle 
or  skin  is  formed  (Jamieson  and  Herz,  Journ.  of  Phys.,  xxvii., 
26,  1901,  for  .formation  of  films  on  proteid  solutions  and  its 
relation  to  fats). 
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6.  Curdling  of  milk— Whey— (a)  Acid.— Fla,oe  milk  in  a  flask  ; 
warm  to  40°  0.,  and  add  a  few  drops  of  acetic  acid.  The  mass 
clots  or  curdles,  and  separates  into  a  solid  curd  (caseinogen  and 
fat),  and  a  clear  fluid,  the  whey,  which  contains  the  lactose  and 
inorganic  salts.     Filter. 

(6)  Renmet  ferment. — To  5  c.c.  of  fresh  milk  heated  to  40°  C. 
add  extract  of  rennet,  or  glycerin  (Rennin)  extract  of  gastric 
mucous  membrane,  which  has  been  neutralised  with  dilute 
sodium  carbonate,  and  keep  in  the  warm  bath.  The  whole 
mass  curdles,  so  that  the  tube  can  be  inverted  without  the  curd 
falling  out.  By-and-by  the  curd  shrinks,  and  squeezes  out  a 
clear  slightly-yellowish  fluid,  the  whey.     Filter. 

(c)  Repeat  (&),  but  boil  the  rennet.  Its  action  is  destroyed, 
and  no  change  occurs. 

(cf)  Boil  milk,  allow  it  to  cool,  then  add  rennet;  in  all 
probability  no  coagulation  will  take  place. 

(e)  Dissolve  one  part  of  the  curd  from  6  (a)  in  NaHO  and 
the  other  in  lime  water.  Add  rennet  to  both,  warm  to  40°  C. 
The  lime  solution  coagulates,  the  soda  solution  does  not. 

(/)  Calciv/m  necessary  Jor  clotting  decalcified  milk. — To  milk  add 
a  drop  or  two  of  saturated  solution  of  ammonium  oxalate,  mix,  add 
rennet,  and  keep  at  40°  for  half  an  hour  or  longer  =  no  coagulation. 
Add  a  drop  or  two  of  2  p.c.  CaOlj  =  rapid  coagulation. 

As  in  the  case  of  blood,  calcium  is  necessary  for  milk-clotting. 

Note  the  analogy  between  blood-clotting  and  clotting  of  milk. 

Plasma. 


Blood,    I 


Corpuscles. 


Coagulated   \    Clot,   )    c^^^-.j^^ 
Biood,       I  Serum.'    ^°'P^^=^^^- 


Milk,     ■ 

Lactoplasma. 

Oil  globules. 

I    Clot    t  Casein. 

1  (curd).  (  Oil  globules, 

Milk 

Clotted, 

)   Lactoserum 

(       (whey). 

There  are  numerous  points  of  resemblance. 

7.  Souring  of  milk. — Place  milk  in  a  vessel  in  a  warm  place 
for  several  days.  It  turns  sour  and  curdles,  becomes  acid — test 
this  (Lesson  IX.  10)  —  having  undergone  the  lactic  acid 
fermentation,  the  lactose  being  split  up  by  a  micro-organism 
into  lactic  acid. 

8.  UmlkofF's  reaction  for  human  mUk. — By  this  one  can  determine  the 
probable  period  fiom  the  beginning  of  lactation.  To  5  c.c.  of  human  milk 
add  half  its  volume  (2-5  c.c),  10  p.c.  watery  solution  of  ammonia,  and  heat 
15  to  20  miuB.  in  a  water-bath  (60°  C).  The  milk  becomes  violet- red  in 
colour,  and  the  tint  is  deeper  the  longer  the  period  of  lactation.  Cow's 
milk  gives  only  a  yellow  or  yellowish-brown  reaction  (N.  Sieber,  Zeit.  f. 

Ghem.,  xxx.,  loi,  1900). 


XIII.J  MILK,   FLOTJR,    AND   BREAD.  113 

II.  EGGS,  e.g.,  of  hen,  apart  from  the  shell  which  is  made 
up  chiefly  of  calcium  carbonate,  consist  of  (i.)  the  white  and 
(ii.)  the  yolk  or  yellow.  The  white,  as  already  stated,  consists 
of  a  fluid  containing  about  12  to  13  p. c.  of  a  specific  proteid — egg- 
albumin — with  minute  traces  of  ovo-globulin  and  ovo-mucoid, 
enclosed  in  a  delicate  fibrous  membrane,  grape-sugar  (0-5  p.c), 
traces  of  some  other  bodies  and  ash  (o-6  p.c).  In  the  yolk  are 
suspended  particulate  "yolk-spherules,"  one  variety  is  coloured 
yellow  by  fat  or  lipochrome,  and  the  other  is  proteid,  and 
consists  of  viiellin  (nucleo-proteid  ?).  There  are  also  small 
quantities  of  lecithin,  cholesterin,  and  inorganic  salts. 

9.  Grape-sugar  in  egg. — To  uncoagulated  white  of  egg  add  10  vols,  of 
water,  mix,  heat,  add  diluted  acetic  acid,  and  boil  till  all  the  proteids  are 
coagulated.  Miter.  Evaporate  the  filtrate  to  15  c.c.  Test  for  grape-sugar 
with  Trommer's  test  or  by  fermentation  =  positive  result. 

10.  Vitellin. — Shake  the  yolk  with  water  and  ether,  as  long  as  the 
washings  show  a  yellow  colour.  Dissolve  the  residue  in  a  minimal  amount 
of  10  p.c.  NaCl  solution.  Pour  it  into  a  large  quantity  of  water,  slightly 
acidulated  with  acetic  acid  =  white  precipitate  of  impure  vitellin. 

(a)  Dissolve  some  of  the  precipitate  in  a  very  weak  saline  solution,  and 
observe  that  it  is  not  reprecipitated  by  saturation  with  NaCl. 

(2>)  Test  some  of  the  weak  saline  solution  =  coagulation  about  75°  C. 
(c)  Precipitate  is  soluble  in  'i  p.c.  HCl,  and  also  in  weak  alkalies. 

III.  WHEATEN  FLOUR  contains  13  to  14  p.c.  water  and  87 
to  86  p.c.  solids,  the  chief  constituents  of  the  latter  being  starch 
68  p.c.  and  proteids  12  to  13  p.c,  with  cellulose  and  fats,  and 
almost  no  sugar.  The  gluten  of  dough  does  not  exist  in  flour  as 
such.  The  two  proteids  which  it  contains  (globulins),  when 
mixed  with  water,  are  converted  into  the  insoluble  proteid 
gluten. 

11.  Gluten. — (a)  Moisten  flour  with  water  to  form  a  tough 
dough  ;  tie  it  in  muslin,  and  knead  it  in  a  vessel  containing 
water  until  all  the  starch  is  separated.  (Test  the  washings  for 
starch  and  sugar.)  There  remains  on  the  muslin  a  greyish- 
white  sticky,  elastic  mass  of  "  crude  gluten,"  consisting  of  the 
insoluble  albuminoids,  some  of  the  ash,  and  the  fats  (basis  of 
diabetic  bread).  Draw  out  some  of  the  gluten  into  threads,  and 
observe  its  tenacious  characters.     Test  its  proteid  characters. 

(&)  Dry  some  gluten,  heat  it  strongly  in  a  test-tube  =  an 
ammoniacal  odour  of  burned  feathers.  Water,  which  is  alkaline 
(due  to  ammonia),  condenses  in  the  upper  part  of  the  tube. 

(c)  Extract  for  several  hours  10  grms.  wheat  flour  with  50  c.c. 
water  in  a  flask.  Filter ;  a  clear  filtrate  is  obtained.  Heat  a 
part  of  the  filtrate  =  coagulation  of  vegetable  albumin. 

8 
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(d)  With  portions  of  the  filtrate  (c)  apply  (i.)  xanthoproteic, 
(ii.)  acetic  acid  and  ferrocyanide,  (iii.)  NaHO  and  CuSO^  tests 
for  proteids. 

(e)  Extract  wheat  flour  with  lo  p.c.  solution  of  NaCl  for  12 
hours.  Filter,  and  drop  some  of  the  clear  filtrate  into  water ; 
a  milky  precipitate  of  a  globulin  is  obtained. 

(/)  Saturate  the  filtered  saline  extract  (e)  with  powdered 
NaOl  or  MgSO^  =  a  precipitate  of  a  globulin. 

(g)  The  chief  salt  is  potassium  phosphate.  The  watery  extract 
gives  a  yellow  precipitate  with  platinic  chloride  (presence  of 
potassium) ;  heating  it  with  molybdate  of  ammonium  and  HNO3 
gives  a  canary-yellow  precipitate  (presence  of  phosphates). 

12.  Pea-meal. — (a)  Make  corresponding  watery  and  saline 
extracts,  and  perform  the  same  experiments  with  them  as  with 
wheat  flour. 

(b)  Observe  the  copious  precipitate  on  boiling  the  watery 
extract. 

(c)  Note  specially  the  copious  deposit  of  globulin  on  adding 
the  saline  extract  to  water. 

IV.  WHEATEN  BREAD  contains,approximately,carbohydrates 
55,  proteids  7  to  9,  fats  i,  salts  2,  and  the  rest  water. 

13.  (a)  Make  a  watery  extract  of  the  crumb  with  warm  water, 
filter,  and  test  the  filtrate.     Its  reaction  is  alkaline. 

(6)  Test  for  starch  and  sugar. 

(c)  The  insoluble  residue  gives  the  xanthoproteic  and  other 
proteid  reactions. 

(d)  Test  the  "crust."     It  contains  dextrin. 

Additional  Exbbcisbb. 
14.  Separation  of  caseinogen  and  fat  by  filtration. 
— Using  a  Bunsen's  pump,  filter  milk  through  a  porous 
cell  of  porcelain.  The  particulate  matters — caseinogen 
and  fat — remain  behind,  while  a  clear  filtrate  contain- 
ing the  other  substances  passes  through.  The  porous 
cell  is  empty,  and  fitted  with  a  caoutchouc  cork  with 
two  glass  tubes  tightly  fitted  into  it.  One  tube  is 
closed  with  a  clip  (fig.  44),  and  the  other  is  attached 
to  the  pump.  Place  the  porous  cell  in  an  outer  vessel 
containing  milk.  On  exhausting  the  porous  cell,  a 
clear  watery  fluid  slowly  passes  through.  Test  it  for 
proteids  and  sugar.  Notice  the  absence  of  fat  and 
caseinogen. 

lofrntraiion'oTmnk!        15.  Coagulation  of  milk. -Calcium  salts  seem  to 
play  .an  important  part  in  this  process, 
(i.)  ffalliburton's  method. — Prepare  caseinogen  by  saturating  milk  with 

powdered  MgS04.     Allow  it  to  stand  for  a  few  hours  and  filter.     Keep  the 
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filtrate  (A).  The  filter  residue  consists  of  caseinogen  +  fat ;  wash  this 
with  saturated  solution,  MgS04,  until  the  washings  contain  no  albumin. 
On  adding  water  to  the  precipitate  it  dissolves,  the  fat  remaining  in  the 
filter. 

Precipitate  the  solution  of  caseinogen  in  weak  MgSOj  by  acetic  acid. 
Collect  the  precipitate  on  a  filter  and  wash  the  acid  away  with  distilled 
water.  Dissolve  the  precipitate  in  lime  water,  rubbing  it  up  in  a  mortar, 
filter  =:  opalescent  solution  of  caseinogen. 

Place  some  of  this  opalescent  solution  of  caseinogen  in  two  tubes,  A 
andB. 

To  A  add  rennet,  and  keep  at  40°  C.  =  no  coagulation. 

To  B  add  rennet  and  a  few  drops  of  phosphoric  acid  ("5  p.c).  Heat  to 
40°  C.  =  coagulation — i.e.,  casein  is  formed  from  caseinogen  in  the  presence 
of  calcic  phosphate. 

(ii. )  Singer's  method  to  show  the  conversion  of  caseinogen  into  casein.  ^ — 
Precipitate  caseinogen  (+  fat)  with. acetic  acid.  Collect  and  wash  the 
precipitate,  and  grind  it  up  in  a  mortar  with  calcium  carbonate.  Throw 
the  mixture  into  excess  of  distilled  water.  The  fat  floats,  the  excess  of 
calcium  carbonate  falls  to  the  bottom,  while  the  very  opalescent  solution 
contains  the  caseinogen.  Divide  the  fluid  into  three  tubes.  A,  B,  C.  Keep 
all  at  40°  C. 

To  A  add  rennet  =  no  clot  of  casein. 

To  B  a  few  drops  of  10  p.c.  solution  of  CaCl2  =  no  clot  of  casein. 

To  C  rennet  and  CaClj  =  clot  of  casein. 

16.  Opacity  of  milk — Vogel's  Lactosoope. — A  graduated  cylindrical 
c.c.  measure  to  hold  200  c.c. ;  lactoscope,  with  parallel  glass  sides,  5  mm. 
apart  (fig.  45) ;   burette,  finely  graduated ;    stearin 

candle. 

Process. — (a)  Be  certain,  by  microscopical  examina- 
tion, that  the  milk  contains  no  starch,  or  chalk,  or 
other  granular  impurity. 

(5)  Mix  3  c.c.  milk  with  100  c.c.  water  in  the 
cylindrical  measuring-glass. 

(c)  In  a  dark  room  place  the  lactoscope  on  a  table,  Fig.  45.— Lactosoope. 
and  I  metre  distant  from  it  a  lighted  stearin  candle. 

Fill  the  lactoscope  with  the  diluted  milk,  and  look  at  the  candle  flame 
through  the  glass.  If  the  contour  of  the  flame  can  be  seen  distinctly, 
pour  back  the  diluted  milk  into  the  bottle,  and  add  another  c.c.  of  milk. 
Mix  again.  Test  the  mixture  again,  and  repeat  until,  on  looking  through 
the  glass,  the  outline  of  the  candle  flame  can  no  longer  be  recognised. 
Add  together  the  quantities  of  milk  used.  An  empirical  table  constructed 
by  Vogel  gives  the  percentage  of  fat. 

17.  Place  diluted  milk  in  a  sausage-paper  dialyser,  and  next  day 
examine  the  diffusate.  Test  for  (i)  inorganic  salts,  (2)  lactose,  (3)  milk 
proteids,  and  (4)  fats.     Kecord  results. 

18.  Butter  fats. — Dissolve  some  in  alcohol  (-(-NaHO)  to  saponify  them. 
Dissolve  the  soaps  in  water,  and  acidify  with  weak  H2SO4.  The  fatty 
acids  separate,  with  the  characteristic  odour  of  free  butyric  acid. 

19.  Casein. — That  it  contains  P  can  be  shown  by  incinerating  some 
and  testing  the  ash  for  the  presence  of  P.  It  gives  the  ordinary  proteid 
reactions,  but  it  has  certain  special  reactions. 

It  is  soluble  in  very  dilate  alkali,  and  precipitated  by  acetic  acid. 
Test  (i)  its  solubility  in  sodium  carbonate  solution,  (2)  how  it  reacts 
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to  boiling  with  alkali  and  lead  acetate ;   (3)  add  CaCOs  +  water.     It  is 
dissolved  as  a  lime  salt. 


Lactose 

(a)  Alcoholic  fermentation. — Not  at  all,  or 
very  slowly. 

(6)  Rvhner's  reaction.  — Add  J  vol.  of  pow- 
dered neutral  lead  acetete,  and  boil. 
+  N'H4H0  =  reddish- white  precipitate. 


(c)  HsSOi. — Dissolves  without  coloration. 


(d)  Soiled,  with  HOI.  —  Split  into  glucose 

and  galactose,  both  right  rotatory, 
and  therefore  the  specific  rotatory 
power  is  increased. 

(e)  HNOi. — By    oxidisation    yields    mucic 

acid,  CeHjoOg.  Heat  5  grms.  lactose 
-h20  c.c.  HNO3  (S.G.,  1-13).  Cool; 
crystals  of  mucic  acid  separate. 


Glucose. 
Rapidly. 

With  same  treatment 
gives  a  similar  preci- 
pitate which  rapidly 
becomes  yellow. 

Dissolves  with  brown 
coloration. 

Rotatory  power  not 
changed. 

(Lesson  III.) 

With  same  treatment 
yields  oxalic  acid. 

(Fr.  N.  Schidz.) 


LESSON    XIV. 


MUSCLE,  SKELETAL  AND  SMOOTH. 


1.  Beaction. — (a)  Arrange  on  a  varnished  surface  several  red 
and  blue  strips  of  glazed  litmus-paper,  side  by  side,  or  allow  one 
strip  to  slightly  overlap  the  other.  Pith  a  frog ;  cut  out  the 
gastrocnemius,  remove  as  much  blood  as  possible,  divide  the 
muscle  transversely,  and  press  the  cut  ends  on  the  litmus-paper; 
a  faint  blue  patch  is  produced  on  the  red  paper,  showing  that 
the  muscle  is  alkaline  during  life.  The  blue  paper  may  not  be 
affected,  but,  as  a  rule,  both  papers  are  affected  so  that  the 
reaction  is  "  amphichromatic." 

(6)  Similarly  test  a  piece  of  butcher's  meat ;  it  is  acid,  due  to 
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sa/rco-lactio  acid.     Make  a  watery  extract  of  lean  butcher  meat, 
and  test  for  this  acid  by  Uffelmann's  reaction  (Lesson  IX.). 

(c)  Dip  the  other  gastrocnemius  into  water  at  50°  C.  until  i-igor  caioria 
sets  in.     Test  its  reaction ;  now  it  is  acid. 

{d)  Boil  some  water,  and  plunge  into  it  any  other  muscle  of  the  same 
frog ;  it  is  allcaline. 

(e)  Tetanise  a  muscle  for  a  long  time ;  its  reaction  becomes  acid  (Lesson 
XL.).    The  colour  is  retained  after  the  paper  is  dry. 

2.  Watery  and  saline  extracts  (skeletal  muscle). 

(a)  Watery. — Mince  perfectly  fresh  muscles  from  a  rabbit  or 
dog.  Extract  with  water,  stirring  from  time  to  time.  After 
half  an  hour,  filter  and  keep.  E,e-extract  the  remainder  with 
water  until  the  extract  gives  no  proteid  reactions.  Por  the 
purposes  of  this  exercise,  half  an  hour  is  sufficient.  Pour  off 
the  water,  which  contains  the  substances  soluble  in  water. 

(b)  Saline. — Collect  the  water-washed  muscle  on  muslin,  rub 
it  up  with  sand  in  a  mortar,  and  extract  it  with  a  large  volume 
of  13  p.c.  solution  of  NH^Ol,  or  10  p.c.  NaOl.  Stir  occasionally, 
and  allow  it  to  extract  for  an  hour  or  more.  A  stronger  extract 
is  obtained  if  it  be  left  until  next  day.  Pour  oiT  the  somewhat 
viscid  fluid,  keep  it,  as  it  contains  the  substances  soluble  in  saline 
solutions — the  globulins,  chiefly  in  the  form  of  myosin.  Myosin 
is  a  globulin,  and  as  such  is  insoluble  in  water  and  in  saturated 
neutral  solutions,  but  soluble  in  weak  neutral  solutions.  It  is 
precipitated  by  saturation  with  neutral  salts.  Its  solutions 
coagulate  on  boiling. 

3.  With  the  filtrate  of  2  (a)— 

(a)  Test  for  proteids — e.g.,  albumin. 

(6)  Testjthe  coagulating  point  of  its  proteids  (45°  and  75°  0.). 

(c)  Saturate  with  crystals  of  AmgSO^  =  all  proteids  precipitate. 

4.  With  the  filtrate  of  2  (6)— 

(a)  Pour  a  few  drops  into  a  large  quantity  of  water ;  observe 
the  milky  deposit  of  myosin.  Allow  the  deposit  to  settle,  pour 
off  the  fluid  and  collect  the  myosin.  The  precipitate  is  redis- 
solved  by  adding  a  strong  solution  of  common  salt  (20  p.c.)  = 
a  saline  solution  of  myosin. 

(6)  Test  the  coagulating  point  of  the  dissolved  myosin.  Four 
proteids  are  coagulated  by  heat  at  47°,  56°,  63°,  and  73°  C,  an 
albumose  being  left  in  solution.     The  fluid  is  acid  in  reaction. 

(c)  Saturate  some  of  the  dissolved  myosin  with  crystals  of 
NaCl  or  NH^Cl.     The  myosin  is  precipitated. 
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{d)  Dissolve  some  of  the  precipitate  of  4  (c)  in  weak  solution 
of  NaCl.     Test  for  proteids.     Repeat  3  (c). 

(e)  Suspend  in  the  fluid  a  crystal  of  rock  salt ;  the  latter  soon  becomes 
coated  with  a  deposit  of  myosin. 

5.  Extractives  of  muscle. — Prepare  Kreatin  (C4H9N3O2  +  HjO). 
(a)  Make  a  strong  watery  solution  of  Liebig's  extract  of  meat.   Cautiously 
add  lead  acetate  until  precipitation  ceases,  avoiding  excess  of  the  lead. 

Miter,  pass  sulphuretted  hydro- 
gen through  the  filtrate  to  get 
rid  of  the  lead.  A  pellicle  is 
very  apt  to  form  on  the  surface. 
Filter,  and  evaporate  the  filtrate 
to  a  syrup  on  a  water-bath,  and 
set  it  aside  in  a  cool  place  to 
crystallise.  Crystals  of  kreatin 
separate  out. 

Kg.  46.— Crystals  oi  Kreatin.  (6)  After  several    days,  when 

the  kreatin  has  separated,  pour 
off  the  mother-liquor,  add ,  to  it  5  volumes  of  90  per  cent,  alcohol  to 
precipitate  more  kreatin.  Filter,  wash  the  crystals  with  alcohol,  re- 
dissolve  them  in  boiling  water,  allow  them  to  recrystallise,  and  examine 
them  with  the  microscope  (fig.  46). 

Sarkin  and  Xanthin  may  be  prepared  from  the  alcoholic  filtrate  of  (6). 

Preparation  of  Kreatin  (Salkowski). 
Minced  flesh,  digested  with  water,  strained. 


Filtrate  heated  to  Residue, 

boiling,  filter. 


Filtrate  -v  lead  acetate.  Residue  =  coagulated 

filter.  albumin. 


Filtrate  -I-  HgS  to  remove  Deposit  =  phosphate 

lead,  filtrate  concentrated  chloride  and  sulphate 

=  Kreatin.  of  lead. 

6.  Liebig's  extract  of  meat.     Test  for — 

(a)  Proteids ;  they  are  absent.  Xanthoproteic  test  may  give 
a  faint  yellow  colour. 

(6)  Glycogen,  doing  a  control  test.  It  usually  contains  a 
small  quantity. 
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(c)  Kreatinin  (see  "  Urine  ").  Weyl's  test  usually  succeeds. 
Add  sodium  nitroprusside  and  NaHO  =  a  red  colour ;  boil,  the 
colour  fades ;  while  boiling  add  acetic  acid  =  a  blue  or  green 
colour. 

{d)  Ether  extract  gives  no  fat. 

(e)  Microscopically  ;  besides  crystals  of  NaCl  (cubes),  few  clear 
knife-rest  forms,  there  are  numerous  crystals  of  kreatin, 

7.  Beef-tea. — Prepare  by  boiling  meat  and  bones.  If  much 
bone  and  connective-tissue  be  present,  the  extract  gelatinises  on 
cooling. 

(a)  Xanthoproteic  reaction,  faint  yellow  colouring.  Little, 
if  any,  proteid  is  present. 

(6)  Test  for  kreatinin.     Usually  present. 

Additional  Exehcisbs. 

8.  Musole-plasma. — Kill  a  rabbit  by  bleeding  from  the  carotids,  open 
the  abdomen,  insert  a  cannula  in  the  aorta,  and  wash  out  all  the  blood 
from  the  lower  limbs  with  cold  (iced)  saline  solution  (o'6  p.c.  NaCl).  Skin 
the  limbs  quickly,  cut  off  pieces  of  muscle  and  plunge  them  into  a  mixture 
of  salt  and  ice  (l°  to  2''C.),  where  they  quickly  become  quite  hard  and 
frozen.  When  frozen  remove  them  from  the  mixture,  wipe  them  with 
blotting-paper,  and  place  them  on  a  plate  kept  cold  by  ice  and  salt  mixture. 
Cut  them  into  fine  slices  (cutting  parallel  to  the  direction  of  the  fibres). 
Wrap  the  slices  in  linen  and  squeeze  them  in  a  pair  of  cooled  enamelled 
iron  lemon-squeezers ;  a  yellowish,  viscid  alkaline  plasma  is  obtained, 
which  sets  in  the  course  of  an  hour  or  so  into  a  solid  jelly,  with  the  simul- 
taneous appearance  of  an  acid  reaction.  By-and-by  a  clear  clot  of  myosin 
and  a  fluid  muscle-serum  is  obtained,  just  as  in  a  blood-clot.  The  muscle- 
plasma  contains  several  proteids.  (See  Halliburton,  Jcmi-nal  of  Physiology, 
viii.  p.  133,  1887.) 

9.  Proteids  of  muscle. — Wash  out  the  blood-vessels  of  a  rabbit  as  above. 
Remove  the  muscles  quickly,  chop  them  up  and  extract  for  a  day  with  a 
5  p.  c.  solution  of  MgSOi-     Use  this  fluid. 

(a)  It  is  probably  acid  due  to  lactic  acid.     Test  for  this  (p.  84]. 

(6)  Coagvlation.  Dilute  some  with  4  vols,  of  water,  divide  it  into  two 
parts ;  keep  one  at  40°  C.  (rapid  coagulation),  and  the  other  at  the  ordinary 
temperature  (coagulation,  but  slower).     Clot  of  myosin  is  formed  in  both. 

(c)  Remove  the  clotted  myosin  from  (6) ;  it  is  readily  soluble  in  o'2  p.c. 
HCl,  forming  syntonin  ;  and  also  in  10  p.c.  sodium  chloride. 

(d)  Add  a  few  drops  of  2  p.c.  acetic  acid  to  some  of  the  extract  = 
stringy  precipitate  of  my  osinogen. 

(e)  Perform  fractional  heat  coagulation. 

"  (i. )  With  the  original  extract  coagula  are  obtained  at  47°,  56°,  63°, 

73°  C. 
"(ii.)  With  liquid  (salted  muscle-serum)  from  (6),  after  separation 

of  the  clot,  coagula  are  obtained  at  63°  and  73°  C. 
"  (iii.)  With  muscle-extract  which  has  been  saturated  with  MgSOi 

and  filtered.     The  globulins  are  thus  separated.     Coagulation 

now  occurs  at  73°  C,  but  the  coagulum  is  small  "(Halliburton), 
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Nameof  Proteid. 

Coagulation 
Temp. 

Action  ot  MgSO,. 

Is  it  globulin 
or  albumin? 

Fate. 

Myosinogen. 
Myosinogen. 
Myo-globaiin. 
Myo-albumin, 

47°  0. 
56°  0. 
63=0. 
73°  0- 

Precipitated. 
Not  precipitated. 

Globulin. 
Albumin. 

(^  These  form  muscle-clot 
J       or  Myosin. 
1  These  are  left  in  mascle- 
i      serum. 

10.  Pigments  of  muscle. 

(a)  Notice  the  difference ,  between  the  red  (semi-tendinosus)  and  pale 
muscles  (adductor  magnus)  of  the  rabbit. 

(6)  The  muscular  part  of  the  diaphragm  shows  the  spectrum  of  oxy- 
hsemoglobin,  even  after  the  blood-Vessels  have  been  washed  out  by  salt 
solution. 

(c)  A  piece  of  the  great  pectoral  muscle  of  a  pigeon,  either  fresh  or 
which  has  been  placed  in  glycerin  to  render  it  more  transparent,  on  being 
pressed  between  two  pieces  of  glass  shows  absorption  bands  of  myo-hsematin 
(MacMunn. )    Map  out  their  position  with  the  spectroscope. 

(d)  Red  colour  of  salted,  meat.  — Boiled  fresh  meat  has  a  brown  colour 
due  to  the  splitting  up  of  HbOj  into  htematin  and  coagulated  proteid. 
' '  Salted  "  meat  has  a  characteristic  red  colour  when  cooked,  the  colour 
depending  on  the  nitre  which  is  used. 

(1)  Boil,  meat  in  a  watery  solution  of  a  nitrite  =  red  colour  {KissTcalt). 

(2)  Extract /r-esWy-exposed  salted  meat  with  water.  It  gives  a  spectrum 
unaltered  by  (NH+)2S,  and  two  absorption  bands  slightly  nearer  D  than 
those  of  HbOj.  It  appears  to  be  identical  with  nitric  oxide  -  Hb.  The 
colour  of  cooked  salt  meat  is  due  to  NO  -  hEemochromogen  (Haldane,  Jowm. 
ofHygiem,  i.,  1901). 

11.  Smooth  muscle  obtained  from  the  stomach  of  sheep  and  calf,  and 
rectum  of  the  latter  animal.  Extracts  are  made  as  above  with  5  p.c. 
MgS04,  or  0-9  p.c.  NaCl  [v.  Fiirth),  and  their  coagulation  point  deter- 
mined. The  saline  extracts  are  usually  neutral,  sometimes  alkaline,  while 
those  of  skeletal  muscle  are  acid.  They  contain  but  little  paramyosinogen 
(myosin  of  v.  Fiirth,  coag.  47°  to  50°),  and  much  myosinogen  (myogen 
coag.  55°  to  65°).  The  o'gNaCl  extract  coagulates  spontaneously.  Smooth 
muscle  shows  slight  rigor  mortis  (Munk  ;  also  SwcUe  Vincent  and  Levjis). 
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LESSON  XV. 

SOME  ORGANIC  SUBSTANCES— NERVE  TISSUE- 
THYROID  GLAND. 

ENZYMES. 

Fermentation  is  due  either  directly  to  cell  life  (I.)  organised 
ferments,  or  indirectly  as  the  result  of  soluble  substances  secreted 
by  cells — i.e.,  (II.)  unorganised  ferments,  soluble  ferments  or 
enzymes  (Kuhne,  1879).  fermentation  is  decomposition  of 
complex  organic  material  into  simpler  bodies  by  the  agency 
either  of  protoplasm  itself  or  of  a  secretion  (Enzyme)  prepared 
by  it.      _ 

Organised  ferments  (unicellular  micro-fungi — e.^.,  yeast,  various 
bacilli,  &c. — connected  with  the  life  of  the  cell).  Their  action  is 
arrested  by  protoplasmic  poisons,  such  as  antiseptics  (dil.  sols, 
of  HgOlj,  phenol,  thymol,  formalin,  sodic  fluoride,  CHCI3,  (fee). 
They  grow  and  multiply  in  certain  media. 

Enzymes  are  non-living,  soluble  bodies,  whose  actions — 
chemical  or  physical — are  not  arrested  by  certain  antiseptics. 
They  can  transform  an  almost  indefinite  amount  of  material. 
Ave  they  altered  in  the  process  ?  They  do  not  seem  to  be  quanti- 
tatively involved  in  the  reaction.     Destroyed  by  boiling. 

No  sharp  distinction  can  be  drawn  between  the  action  of 
cellular  ferments  and  the  enzymes— e.g'.,  yeast  yields  a  soluble 
inverting  ferment,  and  yeast  cells  change  sugar  into  alcohol  and 
COg,,  but  Buchner  (1896)  has  shown  that  the  latter  action  is  due 
to  a  soluble  zymase,  which  can  be  extracted  from  yeast  cells. 
Micrococcus  urem  yield  a  soluble  enzyme  which  splits  up  urea. 

Most  of  the  chemical  changes  in  the  digestive  processes  are 
brought  about  by  enzymes  in  a  fluid  medium. 

Some  of  the  methods  for  extracting  and  isolating  these  enzymes 
have  already  been  referred  to.  The  most  common  solvents  are 
water  and  glycerin,  and  these  solutions  retain  their  activity. 
They  are  precipitated  by  (NH^)2S04,  and  also  by  alcohol.  They 
have  never  been  obtained  in  a  pure  state,  so  that  their  chemical 
nature  is  unknown.  As  to  their  modes  of  action,  most  probably 
they  are  hydrolytic — i.e.,  some  cause  the  substance  acted  on  to 
take  up  the  elements  of  water — but  others  have  quite  a  diflSerent 
action.     Are  they  proteid  or  nuoleo-proteid  in  nature  ? 
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The  rapidity  of  action  (zymolysis)  depends  on — (i)  Temp, 
[each  has  an  optimum  temp,  usually  about  40°  0.] ;  (2)  accumu- 
lation of  products  of  action ;  (3)  reaction  of  liquid ;  (4)  concen- 
tration of  enzyme  ;  (5)  condition  of  material  to  be  acted  on. 

Groups  of  Enzymes — i.  Amylolytic. — Those  which  transform 
insoluble  carbohydrates  ultimately  into  soluble  sugars — e.g., 
Diastase  of  plants  (1833)  acts  on  starch ;  ptyalin  on  starch ;  cytase 
on  cellulose. 

2.  Inversive. — Transform  sugars  (bioses)  into  simpler  hexoses 
— e.g.,  invertase  acts  on  cane-sugar ;  glucase  on  maltose  in  small 
intestine  and  blood ;  lactase  in  the  small  intestine. 

3.  Proteolytic,  which  decompose  various  insoluble  proteids, 
forming  proteoses  and  peptones — e.g.,  pepsin,  trypsin.  Vegetable 
trypsins.     Bromelin  (in  pine-apple).     Papain. 

4.  Coagulative  or  clotting  enzymes  which  convert  soluble  into 
insoluble  proteids — e.g.,  rennet  on  milk ;  thrombase  (coag.  of 
blood);  rnyosin-ferment ;  pectase  (producing  vegetable  jellies); 
vegetable  rennet. 

5.  Lipolytic  or  fat-splitting,  which  decompose  fats  and  oils 
into  fatty  acids  and  glycerin — e.g.,  steapsin  or  lipase  or  pialyn. 
It  occurs  in  pancreatic  juice,  blood,  and  is  common  in  oily  seeds. 

6.  Oxidising  enzymes — i.e.,  oxidases — which  assist  oxidation  of. 
various  substances — e.g.,  laccase  (crude  sap  of  lac  tree),  tyrosinase. 
Animal  oxidases,  present  in  blood  and  many  tissues.  (Glycolysis 
in  blood.) 

7.  Others — e.g.,  urease — acts  on  urea  and  brings  about  ammo- 
niacal  fermentation—  e.g.,  in  urine.  Histozyme  on  hippuric  acid. 
Zymase  (alcohol  producing  enzymes). 

[8.   Glucoside-splitting — e.g.,  emulsin.^ 

Consult  The  Soluble  Ferments  and  Fermentations,  by  J.  Rey- 
nolds Green  (1899)  ;  Les  Oxydases,  by  P.  Portier,  1897. 

Examples  of  most  of  the  above  have  already  been  referred  to, 
so  that  only  one  group  is  given  here. 

1.  Oxidases  have  all  the  properties  of  enzymes.  They  can  be 
extracted  by  water  or  glycerin,  are  precipitated  by  alcohol,  and 
are  destroyed  by  heat.  They  promote  direct  oxidation  of  various 
substances — e.g.,  aromatic  compounds  and  sugar,  and  occur  both 
in  the  animal  and  vegetable  kingdoms.  They  are  most  con- 
veniently extracted  by  macerating  an  organ  in  chloroform 
water.  They  have  the  power  of  oxidising  various  substances  in 
the  presence  of  free  oxygen  (gaseous  or  in  solution),  and  their 
action  is  accompanied  by  absorption  of  oxygen. 
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The  reagents  used  are  chiefly  (i)  Tiacture  of  guaiacum  (i  -5  p.c. 
in  alcohol) ;  (2)  guaiacol  in  distilled  water ;  .(3)  hydroquinone 
(i  p.c.  in  distilled  water). 

(a)  Make  a  solution  of  fibrin  in  10  p.  c.  NaCl,  or  2  p.  e.  NaFl.  It  strikes 
a  blue  with  guaiacum.  Probably  the  ferment  is  due  to  the  leucocytes 
entangled  in  the  fibrin.     If  the  solution  be  boiled  the  result  is  negative. 

(6)  Globulins  of  blood  have  no  oxidising  action.  It  is  doubtful  if 
oxidases  exist  in  liring  blood  or  tissues.  It  seems  to  be  produced  from  the 
dead  leucocytes. 

(c)  The  spleen  extract  acts  powerfully  (see  Appendix). 

2.  Zymogens. — The  term  zymogen,  or  "  mother  of  ferment,"  is 
applied  to  the  bodies  from  which  ferments  are  derived — i.e.,  they 
are  the  precursors  of  ferments.  Most  frequently  they  exist  in  the 
form  of  granules  in  the  protoplasm  of  secretory  gland  or  other 
cells — e.g.,  pepsin  is  derived  from  pepsinogen,  rennin  from  a 
separate  zymogen.  The  zymogen  granules  of  the  pancreas  exist 
in  the  inner  zone  of  the  secretory  cells  of  the  organ.  The 
zymogen  of  the  fibrin  ferment  exists  in  the  white  blood-corpuscles. 

[a)  Mioroohemical — Zymogen  granules — e.g.,  of  pancreas. — Expose  a 
small  piece  of  the  pancreas  to  the  vapour  of  osmic  acid.  Tease  a  piece  in 
normal  saline  or  glycerin,  and  observe  the  inner  zone  of  the  cells  crowded 
with  granules.  Other  glands  may  be  similarly  treated.  The  number  of 
granules  varies  with  the  condition  of  physiological  activity  of  the  gland 
under  observation. 

3.  Nervous  tissue. — (a)  Make  a  saline  extract  {e.g.,  5  p.c. 
MgSO^),  e.g.,  of  the  cerebrum,  and  apply  the  usual  tests  for 
proteids.  Positive  results,  the  proteids  being  derived  chiefly 
from  the  grey  matter — i.e.,  from  its  nerve  cells. 

(6)  Make  an  ethereal  extract  of  the  brain  or  spinal  cord.  Such 
substances  as  lecithin  and  cholesterin  are  dissolved  out,  chiefly 
from  the  white  matter.  The  latter  can  readily  be  obtained  in 
crystals,  while  the  ethereal  solution  on  adding  HgSO^  carefully 
gives  a  red  colour  at  the  j  unction  of  the  two  fluids  indicating 
cholesterin.  This  substance  is  often  found  in  large  plates  floating 
in  anatomical  preparations  of  the  brain  preserved  in  alcohol.  It 
is  widely  distributed  also  in  plants. 

4.  Thyroid  gland,  —(a)  Extract  a  fresh  gland  of  a  sheep  freed  of  fat  and 
connective  tissue  with  5  p.c.  MgS04  or  o'l  p.c.  NaHO  for  several  hours, 
when  a  reddish  fluid  will  be  obtained.  Add  acetic  acid  carefully,  until  a 
copious  white  precipitate  falls ;  it  consists  chiefly  of  the  "  colloid  matter"^ 
of  the  gland  acini.  Collect  the  precipitate,  redissolve  it  in  dilute  alkalf 
and  reprecipitate  with  acetic  acid.     This  body  contains  iodine  (07  p.c. ). 

(6)  Iodine  is  present. — Incinerate  at  a  dull  red  heat  several  thyroid 
tablets,  mixed  with  excess  of  pure  NaHO.  Dissolve  the  residue  in  water, 
and  add  HNO3  =  brown  fluid.  Extract  with  chloroform,  which  shows  a 
violet  tint  due  to  the  presence  of  iodine. 
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5.  Thymus  gland — Nucleo-proteids. — (see  Lesson  II.,  VI). 

This  gland  is  chosen  beoausa  it  consists  essentially  of  leucocytes,  and  the 
nucleo-proteids  are  abundant  in  its  nuclei.  By  gastric  digestion  nuclein  is 
split  oiT,  is  not  digested,  and  can  thus  be  obtained.  It  is  insoluble  in  acids, 
but  soluble  in  alkalies.  When  heated  with  acids,  it  yields  what  are  called 
the  "purin  bases" — e.g.,  xanthin,  adenin,  &c. — bodies  allied  to  uric  acid. 
In  the  head  of  spermatozoa  is  ii  compound  of  nucleic  acid  and  protamines 
(Kossel).     See  Appendix. 

6 .  G-lycosamiii  hydrochloride. — Free  the  chitinous  parts  of  crabs  and  lob- 
sters as  much  as  possible  from  their  soft  parts,  dry,  and  divide  into  small 
pieces,  and  decalcify  in  dilute  HCl.  Gently  boil  the  decalcified  parts  for 
3  to  4  hours  with  HCl,  then  evaporate  and  allow  to  crystallise.  On  cooling, 
a  dark  brown  humus  substance  and  crystals  separate  out.  Filter,  dissolve 
the  crystals  in  water,  and  re-evaporate  until  crystallisation  takes  place. 
The  glycosamin  hydrochloride  (CeHijNOjHCl)  separates  in  colourless 
glancing  crystals  about  the  size  of  a  pea,  which  reduce  Fehling's  solution 
on  boiling.     They  have  a  somewhat  sweet  taste  like  sugar. 

7.  Nucleia  of  yeast. — Mix  i  part  fresh  German  yeast  with  4  parts 
water  ;  allow  the  deposit  to  subside.  Pour  oflf  the  turbid  fluid  from  the 
slimy  deposit  of  yeast,  place  the  latter  in  '5  p.c.  KHO,  stir,  and  filter 
directly  into  dilute  HCl.  The  deposit  is  filtered  oflf,  washed  with  dilute 
HCl,  and  then  with  alcohol.  It  is  then  boiled  with  alcohol  and  dried 
over  H2SO4. 

(a)  It  is  an  amorphous  powder,  insoluble  in  water  and  dilute  acids,  but 
readily  soluble  in  alkalies. 

(6)  Fuse  a  little  with  sodium  carbonate  and  nitrate  of  potash  =  a  mass 
with  a  strongly  acid  reaction  due  to  phosphoric  acid. 

8.  Lecithin. 

(  O.R* 

C3H5   j    O  .  K         r  Qjj 

'0-I"0|o   cH^    pH      ,        OH. 

Extract  the  fresh  yellow  of  eggs  free  from  white,  with  ether,  until  the 
latter  takes  up  no  more.  Distil  off  the  ether,  dissolve  the  residue  in 
petroleum  ether,  and  filter.  Extract  the  filtrate  in  a  separation  filter 
several  times  with  75  p.c.  alcohol.  Mix  the  alcohol  extracts,  let  them 
stand  until  they  become  clear,  separate  any  petroleum  ether,  and  filter. 
The  rest  of  the  petroleum  ether  is  got  rid  of  by  distillation,  and  the 
residue  is  exposed  for  Several  days  to  the  air  in  a  cool  place,  whereby 
a  deposit  separates.  The  clear  fluid  is  decanted  and  filtered.  Decolorise 
it  by  boiling  with  animal  charcoal,  filter  and  evaporate  to  a  thick  syrup  at 
50°  to  60°.  Dissolve  the  syrup  in  ether  and  evaporate,  and  the  nearly 
pure  lecithin  remains  behind  (Drechsd). 

The  three  chief  charaoteriatios  of  the  lecithins  are  solubility  in  alcohol 
amd  in  ether,  darh  cross  in  globules  in  polarisation  microscope,  acidity  of 
residue  after  charring. 

{a)  It  is  a  soft  doughy  indistinctly  crystalline  body.  Place  a  little 
under  a  microscope,  add  a  drop  of  water,  and  observe  the  oil-like  drops 
assuming  worm-like  forms,  so-called.  "myeUn-forms." 

*  R  =  radical  of  palmitic  acid  (CuHjiCO),  stearic  acid  (C17H35CO),  or 
oleic  acid  (C1VH35CO). 
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(6)  Heat  some  on  platinum,  either  alone  or  with  eodinm  carbonate  and 
potasginm  nitrate  =  a  residue,  strongly  acid,  in  which  phosphoric  acid  is 
readily  detected. 

(c)  Polarised  light. — Examine  a  little  under  a  polarisation  microscope. 
With  crossed  Niool's  each  granule  of  the  substance  shows  a  dark  cross  on 
a  white  ground,  just  like  starch  (Dastre). 

9.  GlycoooU.— C  j  ^^  •  ^^  •  ^^  |  =  CoHgNOj  or  amido-acetic  acid. 

Preparation. — Boil  i  part  of  hippuric  acid  with  4  parts  of  dilute  H2SO4 
(1:6  water)  for  10  to  12  hours,  using  a.  condenser.  Pour  the  mass  into 
a  capsule,  and  let  it  stand  for  24  hours.  Filter,  wash  the  benzoic  acid  in 
the  filter  with  cold  water,  concentrate  the  filtrate  by  evaporation,  and  free 
it  from  the  last  traces  of  benzoic  acid  by  shaking  it  with  ether.  Dilute 
strongly  the  acid  solution,  and  neutralise  it  exactly  with  baryta  water. 
Allow  the  precipitate  to  subside,  decant,  wash  the  precipitate  with  warm 
water,  again  concentrate  the  filtrate  until  crystals  begin  to  separate  on  its 
surface.  Allow  it  to  stand  24  hours,  pour  off  the  mother-liquid,  and  again 
evaporate  the  latter  until  other  crystals  are  formed.  The  crystals  are 
recrystallised  from  water. 

GlycocoU  forms  clear  colourless  crystals,  with  a  sweet  taste,  readily 
soluble  in  water,  and  insoluble  in  alcohol. 

10.  Guanin  reaction. — Guanin  occurs  in  very  considerable  quantity  in 
the  skin  of  fishes  and  frogs.  Heat  with  HNO3,  in  a  porcelain  capsule, 
a  piece  of  skin  from  the  belly  of  a  frog.  Add  NaHO  =  orange  to  cherry- 
red  colour.  There  is  no  reaction  with  ammonia.  If  there  be  very  little 
guanin,  add  dilute  KHO,  and  blow  on  the  stain,  when  the  latter  will  pass 
through  several  nuances  from  blue  to  orange. 


LESSON    XVI. 
ITEINE. 


1.  Urine  is  a  transparent  light-straw  coloured  watery  secre- 
tion derived  from  the  kidneys,  containing  nitrogenous  or  azotised 
matters,  salts,  and  gases.  It  contains  about  96  p.c.  water  and 
4  p.c.  solids ;  of  the  lattep  urea  makes  up  over  2,  and  NaCl 
nearly  i  p.c.  It  has  a  peculiar  odour,  bitter  saltish  taste,  and 
acid  reaction. 

2.  Quantity  in  24  hours,  about  2  J  pints  (50  ounces)  or  1500  c.c. 
There  are  considerable  variations  even  in  health,  the  quantity 
being  regulated  by  the  amount  of  fluid  taken,  and  controlled  by 
the  state  of  the  tissues,  the  pulmonary  and  cutaneous  excretions. 
It  should  be  collected  in  a  tall  graduated  glass  cylinder  of  a 
capacity  of  2500  c.c.  with  a  ground  glass  top  to  exclude  impu- 
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rities.     Samples  of  the  mixed  urine  of  the  24  hours  are  used 
for  examination. 

Increased  by  drinking  water  {urina  potus)  or  diuretics  ;  -when  the  skin 
is  cool,  its  blood-vessels  are  contracted,  and  the  cutaneous  secretion  is 
less  active ;  after  a  paroxysm  of  hysteria,  and  some  convulsive  nervous 
diseases ;  in  diabetes  insipidtis  and  d.  mellitus;  some  cases  of 
hypertrophy  of  the  left  ventricle,  and  some  kidney  diseases. 
The  increase  may  be  temporary  or  persistent,  the  former  as 
the  effect  of  cold,  diuretics,  or  nervous  excitement;  the 
latter  in  diabetes  and  certain  forms  of  kidney-disease. 

Diminished  after  profuse  sweating,  diarrhcea ;  early  stage 
of  acute  Bright's  disease ;  some  forms  of  Bright's  disease  ; 
the  last  stages  of  all  forms  of  Bright's  disease ;  in  general 
dropsies ;  in  acute  febrile  and  inflammatory  diseases. 

3.  Colour. — Light-straw  to  amber-coloured.  It 
varies  greatly  in  health,  and  is  chiefly  due  to  the 
presence  of  normal  urobilin  or  urochrome,  an  iron- 
free  derivative  of  the  blood  pigment. 

Pale  after  copious  drinking  and  after  paroxysmal  nervous 
attacks  (hysteria),  in  diabetes,  anaemia,  and  chlorosis. 
N-B.—VaXe  urines  indicate  absence  of  fever. 

High-coloured  after  severe  sweating,  violent  muscular  exer- 
cise, diarrhoea,  or  during  febrile  conditions. 

Pathological  pigments,  purpurine  or  uro-erythrine  in  febrile 
disorders ;  bile  pigments ;  blood. 

Medicinal  substances. — Creosote  and  carbolic  acid  make 
irine  nearly  black  (hydrochinon),  rhubarb  (gamboge-yellow), 
enna  (brownish). 

4.  Specific  Gravity. — Average  1020(1015  *o  i°2s). 
tt  is  taken  by  means  of  a  urinometer  (fig.  47),  which 
s  really  a  hydrometer  with  a  stem  graduated  from 
[ooo  (zero)  above  to  1040  below. 

(a)  Place  a  urinometer  in  a  tall  cylindrical  vessel 
l|  filled  with  urine.     Bring  the  vessel  to  the  level  of 

\    J^  ;he   eye,  and  as  soon  as  the  instrument  comes  to 

rest,  read  ofi"  the  mark  on  its  stem  opposite  the 
lower  ^surface  of  the  meniscus  against  a  bright  back- 
ground. 

Precautions.  — I.  The  vessel  must  be  wide  enough  to  allow 
the  urinometer  to  float  freely  and  not  touch  the  sides. 
2.  The  instrument  must  be  dry.  3.  The  urine  itself  must 
be  free  from  air-bubbles  on  the  surface.  N.B.— Always  take  the  S.G. 
of  the  "mixed  urine  "  of  24  hours. 

Low  8. G.  — Normally  the  S.G.  varies  inversely  as  the  quantity  of  urine 
passed.  Causes  which  increase  the  water  of  the  urine  only — e.g.,  drinking 
on  an  empty  stomach  ;  hysteria ;  in  diabetes  insipidus  or  polydipsia.  N'.  B. 
— ^If  continually  below  1015,  suspect  diabetes  insipidus  or  chronic  Bright's 
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High  S.  G.  — When  the  urine  contains  much  solid  matter — e.g. ,  in  Diabetes 
mellitus — due  to  a  large  amount  of  grape-sugar ;  first  stages  of  acute  fevers  ; 
rapid  wasting  of  the  tissues,  especially  if  associated  with  sweating  or 
diarrhoea.  It  is  highest  normally  three  to  four  hours  after  a  meal ;  and  as 
it  varies  during  the  day  it  is  necessary  to  mix  the  urine  of  the  24  hours,  and 
test  the  S.G.  of  a  sample  of  the  "  mixed  urine."  N.B. — If  above  1025  and 
the  urine  be  pale,  suspect  saccharine  diabetes. 

5.  Estimation  of  amount  of  solids  from  S.G. — By  Christison's 
formula  {"  Haser-Trapp's  coefficient"),  "multiply  the  last  two 
figures  of  a  specific  gravity  expressed  in  four  figures  by  2*33. 
Tiiis  gives  the  quantity  of  solid  matter  in  every  1000  parts" — i.e., 
the  number  of  grms.  in  1000  c.c.  (33^  oz.). 

Example. — Suppose  1200  c.c.  are  passed  in  24  hours,  S.G.  1022. 

22  X  2'33  =  51 '26  grms.  in  1000  c.c. 

To  ascertain  the  amount  in  1200  c.c. 

.  51 "26  X  1200      , 

1000  :  1200  :  :  c,V26  :  X  =  ■' =  61 '51  arms. 

■"  1000  ■'    ° 

This  formula  is  not  applicable  in  diabetes  and  some  cases  of  Bright's 
disease. 

The  normal  total  solids  are  about  70  grms.  (2  to  2J  ozs.)  in 
24  hours — i.e.,  1000  to  1050  grains.  Of  the  solids  about  |  are 
organic  and  ^  inorganic. 

6.  Odour  is  "  peculiar,"  "  characteristic,"  and  "  aromatic." 

Certain  substances  influence  it — turpentine  (violets) ;  cubebs,  copaiba, 
and  sandal-wood  oil  give  a  characteristic  odour,  and  so  do  asparagus, 
valerian,  assafoetida,  garlic,  &c.  In  disease,  note  the  ammoniacal  odour  of 
putrid  urine  and  the  so-called  "  sweet  "  odour  in  saccharine  diabetes. 

7.  Reaction. — Normal. — Slightly  add,  it  turns  blue  litmus- 
paper  slightly  red,  and  does  not  afiect  red  litmus-paper.  The 
acidity  is  due  not  to  free  acid,  but  to  that  of  acid  salts,  chiefly 
acid  sodium  phosphate  (NaHjPOJ.  A  neutral  urine  does  not 
alter  either  blue  or  red  litmus-paper.  A  very  acid  urine  turns 
blue  litmus-paper  very  red.  It  may  be  "  amphoteric "  (rare) 
when  the  amount  of  neutral  and  acid  phosphates  is  the  same. 

(a)  Test  with  appropriate  litmus-paper  a  normal,  very  acid, 
neutral,  and  alkaline  urine. 

(6)  That  the  acidity  is  not  due  to  a  free  acid  is  shown  by  its  giving  no 
precipitate  with  sodium  hyposulphite,  and  also  by  the  fact  that  it  has  no 
action  on  congo-red.  The  colour  of  the  latter  body  becomes  dark  violet  on 
adding  solution  of  hippurio  acid  i :  50,000  {Briiche). 

(c)  The  acidity  of  normal  urine  decreases  on  standing.  The  urate  of 
sodium  is  decomposed  by  the  acid  sodium  phosphate  whereby  acid  sodium 
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urate  and  then  uric  acid   are    thrown    down  as  a  sediment  owing  to 
diminished  acidity. 

I.  NaHaPOi  +  CsHsNajNiOs  =  NajHPOi  +  CsHaNaNOs. 
11.  NaHjPOi  +  CsHsNaN^Os    =  NajHPO*  +  CSH4N4O3. 

8.  Variations  in  acidity  during  the  d&,y.— Digestion — i.e.,  two 
or  three  hours  after  a  meal — the  urine  becomes  neutral  or  alka- 
line {"alkaline-tide").  The  cause  of  the  alkalinity  is  a  fixed 
alkali,  probably  derived  from  the  basic  alkaline  phosphates 
taken  with  the  food  (Roberts).  According  to  others,  the  forma- 
tion of  free  acid  in  the  stomach  liberates  a  corresponding  amount 
of  bases,  which  pass  into  the  urine,  and  diminish  its  acidity  or 
even  render  it  alkaline.     The  "  acid-tide"  occurs  after  fasting. 

Nature  of  food. — With  a  vegetable  diet  the  excess  of  alkali  may  cause 
an  alkaline  urine.  In  herbivora  it  is  alkaline,  in  carnivora  very  acid. 
Herbivora  (rabbits)  whilst  fasting  have  a  clear  acid  urine,  because  they  are 
practically  living  on  their  own  tissues.     It  is  very  acid  during  starvation. 

Acids  slightly  increase  the  acidity.  Alkalies  and  their  carbonates  are 
more  powerful  than  acids,  and  soon  cause  alkalinity ;  alkalies — e  g.,  the 
alkaline  salts  of  citric,  tartaric,  malic,  acetic,  and  lactic  acids— appear  as 
carbonates  ( Wohler). 

9.  Alkalinity,  fixed  or  volatile  alkali. — In  the  former  case  the 
blue  colour  of  the  litmus-paper  does  not  disappear  on  heating ; 
in  the  latter  it  does,  and  the  paper  assumes  its  original  red 
colour. 

(a)  Test  with  red  litmus-papers  two  urines,  one  of  which  is 
alkaline  from  a  fixed  alkali,  the  other  from  a  volatile  one.  Both 
papers  become  blue. 

(6)  Heat  both  side  by  side  on  a  glass  slide.  The  blue  colour 
of  one  disappears  (volatile  alkali),  the  red  being  restored,  while 
the  blue  of  the  other  remaina  (fixed  alkali). 

(c)  Fix  sensitive  red  litmus-paper  to  the  cork  of  the  bottle 
containing  the  urine.  If  the  alkali  is  volatile,  the  paper  becomes 
blue,  and  changes  again  to  red  on  exposure  to  air.  Fixed 
alkalies  only  cause  such  change  when  the  paper  is  dipped  in  the 
urine. 

The  alkalinity  may  be  due  to  ammonium  carbonate  (volatile),  derived 
from  the  decomposition  of  urea ;  the  urine  may  be  ammoniaoal  when  passed, 
in  which  case  there  is  always  disease  of  the  urinary  tract ;  or  it  may 
become  so  on  standing— from  putrefaction — when  it  is  always  turbid,  and 
contains  a  sediment  consisting  of  amorphous  phosphate  of  lime  and  triple- 
phosphate,  and  sometimes  urate  of  ammonium ;  it  has  an  offensive 
ammoniaoal  odour. 

The  acidity  is  increased  during  the  resolution  of  febrile  diseases ; 
excessive  in  gout,  acute  rheumatism,  and  whenever  much  uric  acid  is  given 
off  (uric  acid  diathesis) ;  in  saccharine  diabetes  the  amount  of  the  acidity 
may  be  determined  by  using  a  standard  solution  of  caustic  soda  (p.  131). 
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10.  Transparency. — Observe  if  it  contains  suspended  particles, 
rendering  it  more  or  less  turbid,  either  when  it  is  passed  or  some 
time  afterwards. 

11.  Fermentation. — When  freely  exposed  to  air  it  undergoes 
two  fermentations — (i)  acid;  (2)  alkaline.  At  first  it  becomes 
slightly  more  acid,  from  the  formation  of  lactic  and  acetic  acids 
(although  this  is  denied  by  some  observers),  then  it  gradually 
becomes  neutral,  and  finally  alkaline  from  putrefaction.  It 
becomes  lighter  in  colour,  turbid,  and  a  whitish  heavy  pre- 
cipitate falls ;  it  swarms  with  bacteria ;  a  pellicle  is  formed  on 


Kg.  48.— Deposit  in  "  Acid  Fennentation  "  of  Urine,     a,  Fungus ;  6,  Amorphous 
sodium  urate ;  e,  Uric  acid ;  d,  Calcium  oxalate. 

the  surface ;  its  odour  is  strongly  ammoniacal,  which  is  due  to 
the  splitting  up  of  the  urea,  thus — 

GONgH^  +  zHjO  =  (NHJ2CO3. 

(NH4)2COg  =  2NH3  +  H2O  +  CO2. 

The  urea  is  split  up  by  a  ferment  or  enzyme — urease — formed 
by  the  Micrococcus  wrem.  Carbonate  of  ammonium  makes  the 
urine  alkaline ;  the  earthy  phosphates  are  precipitated  because 
they  are  insoluble  in  an  alkaline  urine.  Phosphate  of  lime  is 
precipitated  {G&^CPO^^,  amorphous),  but  phosphate  of  magnesia 
unites  with  the  ammonia  and  is  precipitated  as  ammonio- 
magnesic  phosphate  or  triple  phosphate  (MgNH^PO^  +  6H2O). 
Part  of  the  ammonia  escapes,  and  some  unites  with  uric  acid  to 
form  later  on  urate  of  ammonium,  C5H2(NH4)2N4^03- 
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N.B. — TJrine  may  be  kept  "  sweet "  for  a  long  time  in  perfectly 
clean  vessels,  but  on  being  mixed  with  decomposing  matter  it 
rapidly  putrefies.  All  urinary  vessels  should  be  scrupulously 
clean,  and  all  instruments  introduced  into  the  bladder  be 
thoroughly  purified  by  an  efficient  antiseptic. 

{a)  Place  normal  urine  in  a  warm  place  (for  days).  Observe 
it  daily ;  note  reaction,  change  of  colour,  transparency,  odour, 
and  any  deposit.  Examine  the  deposit  microscopically  (figs. 
48,  49). 


Fig.  49.— Deposit  in  ammoniacal  urine  (allcaline  fermentation).    5,  Bacterium 
c,  AmmODio-magnesium  phosphate,    d.  Acid  ammonium  urate. 


Fermentation  is  hastened  by  rise  of  temperature,  more 
especially  if  the  urine  be  passed  into  a  contaminated  vessel,  or 
the  urine  itself  contains  blood  or  pus.  It  is  retarded  in  a  very 
acid  urine. 


Additional  Exercise  (Acidimetby). 

12.  Sstimation  of  acidity. — Ascertain  the  amount  of  caustic  soda 
Tec[uired  to  exactly  neutralise  100  c.c.  of  urine.  As  the  soda  solution 
cannot  be  prepared  by  weighing  the  soda,  because  of  the  varying  amount 
of  water  contained  in  it,  the  soda  solution  must  be  titrated  with  a  standard 
solution  of  oxalic  acid.  Make  a  normal  solution  of  oxalic  acid  by  dissolving 
63  grms.  of  dry  crystallised  oxalic  acid  in  1000  c.c.  water,  C2H204+2H20  = 
126  (i.e.,  half  the  quantity  is  taken  because  the  acid  is  dibasic).  A  normal 
solution  of  caustic  soda  would  contain  40  grms.  per  litre  (NaHO) — i.e., 
Na  =  23,  H  =  I,  0  =  16  (=  40).  I  c.c.  =  40mgrms.  or  '04  grm.  Dissolve 
150  grms.  of  caustic  soda  in  about  1000  c.c.  water. 
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(a)  Normal  caustic  soda. — To  lo  c.c.  normal  oxalic  acid  solution  in  a 
beaker  add  a  few  drops  of  alcoholic  solution  of  rosolic  acid  (orange  solution). 
Allow  the  IfaHO  solution  to  drop  from  a  burette  until  the  rosolic  acid  gives 
a  rosy -red  tint.  Suppose  that  to  saturate  the  acid  9-2  c.c.  of  the  soda  solu- 
tion are  added,  then  to  every  9-2  c.c.  o'8  c.c.  must  be  added  to  obtain  a 
solution  I  c.c.  of  which  will  correspond  to  i  c.c.  of  acid,  so  that  for 

1000  c.c.  of  NaHO  9'2  :  1000  :  :  08  :  x  I ^ =  86-9  j  86'g  c.c.  water 

must  be  added. 

(6)  Determine  acidity  of  urine. — To  100  c.c.  of  urine  in  a  beaker  add 
from  a  burette  the  normal  soda  solution  (I  c.c.  =  0-063  oxalic  acid); 
or  dilute  the  soda  solution  to  obtain  a  deci-normal  solution  ^  [i.e.,  one- 
tenth  as  strong).  In  this  case  i  c.c.  =  '0063  oxalic  acid.  Place  strips 
of  red  litmus-paper  in  the  fluid,  drop  in  KaHO,  stir,  and  add  caustic 
soda  until  the  litmus  begins  to  turn  blue.  Suppose  15  c.c.  of  the  dilute 
(tu)  solution  are  used,  then  the  acidity  of  100  c.c.  urine  =  15  x  0'Co63  = 
0-0945  >  ""^  suppose  the  total  quantity  of  urine  passed  to  be  1500  c.o., 
then  the  total  acidity  of  the  urine  passed  in  24  hours  expressed  as  oxalic 
acid  =  I -417  grms.     The  result  is  merely  approximative. 

In  Freund's  method  recently  introduced  the  principle  is  to  determine 
the  acidity  from  the  diacid  sodium  phosphate,  which  is  the  exclusive  cause 
of  the  acidity  of  the  urine. 


LESSON    XVII. 
INORGATTIC    COlfSTITUENTS    OP    URINE. 

Thk  constituents  of  urine  may  be  classified  as  follows  : — 
(i)    Water  and  inorganic  salts. 

(2)  Urea  and  related  nitrogenous  bodies;  uric  acid,  xanthin, 
guanin,  kreatinin,  allantoin,  oxaluric  acid. 

(3)  Aromatic  suhstances;  ether-sulpho-acids  of  phenol,  cresol, 
pyrooatechin,  hippuric  acid,  &o. 

(4^  Fatty  noDrnitrogenous  bodies  ;  oxalic  and  lactic  acids. 

^S)  Pigments. 

(6)  Gases. 

The  ratio  of  inorganic  to  organic  constituents  is  i  to  i  -2  to  i  -y. 
The  amount  of  salts  excreted  in  24  hours  is  16  to  24  grms. 
(normally). 

1.  Water  is  derived  chiefly  from  food  and  drink,  a  small 
quantity  being  formed  in  the  body  (normally  1500  cc,  or  about 
50  ozs.). 
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2.  Chlorides,  chiefly  of  sodium  (the  most  abundant),  with  a 
little  potassium  and  ammonium,  derived  chiefly  from  the  food, 
amount  to  lo  to  13  grms.  (150  to  195  grains),  or  a  mean  of 
12  grms.  (180  grains) — i.e.,  less  than  half  the  amount  of  urea 
excreted.     NaCl  crystallises  in  cubes  and  octahedra. 

[a)  Test  with  a  few  drops  of  AgNOg  (i  pt.  to  8  distilled  water) 
=  white,  cheesy,  or  curdy  precipitate  in  lumps,  insoluble  in 
HNO3.  The  phosphate  of  silver  is  also  thrown  down,  but  it  is 
soluble  in  HNO3.  It  is  better  to  add  the  HNO3  and  then  the 
AgNOg.  The  deposit  is  normally  about  J  volume  of  the  urine. 
The  AgOl  is  soluble  in  ammonia.  A  rough  estimate  may  be 
formed  of  the  amount  by  allowing  the  precipitate  to  subside, 
and  comparing  its  bulk  from  day  to  day. 

AgNOg  +  NaCl  =  AgCl  +  NaNOg. 

Variations,  increased  when  the  urine  is  secreted  in  excess,  althongh  the 
NaCl  usually  remains  very  constant  (|  p.c.) ;  lessened  in  febrile  affections, 
and  where  a  large  amount  of  exudation  has  taken  place,  as  in  acute  pneu- 
monia, when  chlorides  may  be  absent  from  the  urine.  Their  reappearance 
in  the  urine  is  a  good  symptom,  and  indicates  an  improvement  in  the 
condition  of  the  lung.    N.B. — Test  urine  daily  for  chlorides  in  pneumonia. 

(6)  Evaporate  a  few  drops  of  urine  on  a  slide  =  octahedral  or 
rhombic  crystals,  a  compound  of  NaCl  and  urea. 

(c)  Test  urine  from  a  case  of  pneumonia,  and  compare  the 
amount  of  the  precipitate  with  that  of  a  normal  urine. 

3.  Quantitative  estimation  of  chlorides. — (i)  Staiidard  silver  nitrate. 
— Dissolve  29-075  grms.  fused  silver  nitrate  in  1000  c.c.  distilled  water. 
I  c.c.  =  o'oi  NaCl. 

(2)  Saturated  solution  of  neviraZ  potassic  chromate  (K2Cr04). 

(a)  Dilute  10  c.c.  of  not  too  dark-coloured  urine  with  100  c.c.  water,  and 
place  it  in  a  beaker ;  add  a  few  drops  of  (2).  Allow  the  silver  solution  to 
drop  in,  stirring  all  the  time  until  a  faint  orange  tint  indicates  that  there 
is  an  end  of  the  reaction.  Deduct  i  from  the  number  of  c.  c.  of  the  silver 
solution  added, 

4.  Sulphates  exist  in  urine  in  two  forms. 

A.  Preformed  sulphates  (Inorganic) — viz.,  Na  and  K. 

B.  Gombmed  or  ethereal  (see  Indican,  Lesson  XX.,  16,  6). 

The  daily  quantity  is  45  to  60  grains,  or  3  to  4  grms.  Only 
a  small  amount  is  taken  with  the  food,  so  that  they  are  chiefly 
formed  from  the  metabolism  of  proteids  in  the  body.  Most 
have  an  unpleasant  taste.  Only  a  very  small  part  of  the 
inorganic  sulphates  is  derived  from  the  mineral  constituents 
of  the  food;  Sulphuric  acid  exists  in  urine  not  only  in  com- 
bination with  alkalies,  as  indicated  above,  so-called  "  preformed 


XVII.]  INOKGANIC   CONSTITUENTS   OF   URINE.  133 

sulphuric  acid,"  but  also  with  organic  radicles,  phenol,  skatol, 
and  other  aromatic  substances  forming  aromatic  ether-sulpho- 
compounds,  or  "  ethereal  sulphates,"  the  "  combined  sulphuric 
acid."  The  latter  form  about  one-tenth  of  the  total  sulphates, 
and  originate  from  putrefactive  processes  in  the  intestine.  The 
chief  ethereal  sulphates  are  phenol-sulphate  of  potassium  and 
indoxyl-sulphate  of  potassium  or  indican,  (CgHgN')KSO^.  The 
amount  of  these  organic  sulphates  rises  or  falls  with  the  degree 
of  putrefaction  ;  hence  their  importance,  clinically,  as  an  index 
of  the  amount  of  putrefaction  in  the  intestine. 

(a)  Test  with  a  soluble  salt  of  barium  (the  nitrate  or  chloride) 
=  white  heavy  precipitate  of  barium  sulphate,  insoluble  in 
HNOg ;  or,  add  a  few  drops  of  HOI  to  keep  the  phosphates  in 
solution,  and  then  the  barium  salt — 

K^SO^  +  BaOlg  =  BaSO^  +  zKiOl. 

(6)  Separate  combined  (ethereal)  sulphuric  acid. — Mix  50  o.c. 
urine  with  an  equal  volume  of  "  baryta  mixture."  Stir  and 
filter.  This  removes  the  ordinary  HjSO^  as  sulphate  of  barium. 
Add  10  c.c.  HCl  and  keep  in  a  water-bath  at  100°  C.  for  an  hour, 
and  then  allow  the  ethereal  or  combined  sulphates  to  settle. 

Phosphoric  acid  is  always  present  as  orthophosphoric  acid 
(HjPO^  or  3H2O,  P2O5)  and  exists  in  two  special  combinations: — 

(i)  Phosphates  of  alkaline  metals,  or  alkaline  phosphates — 
chiefly  of  sodium  (NaH^POJ. 

(2)  Phosphates  of  the  alkaline  earths,  or  earthy  phosphates — 
chiefly  acid  salts  of  magnesium  (Mg(H2POj2)  and  calcium 
(Oa(H2PO^)2).  If  the  reaction  changes,  these  salts  undergo 
changes  and  re-arrangement. 

The  phosphates  are  in 

A.  Natural  in^^Jr?*'      v,     i    j      ■         [NaHoPOi. 
«"■»«.    JMgHpd;       ^•^"''"""''  |ca(H>0W 

C.  Alkaline  J?*',?.?,*\        D.  Decon^osing  /NH,MgP0,+6H,q 
urine,    \^'''f^Ak  urine,    M  (Ammomo-magnesium 

'     (Mg3(P04)2.  '        1.      phosphate). 

5.  Phosphates  consisting  of  alkaline  and  earthy  salts  in  the 
proportion  of  2  to  1.  The  latter  are  insoluble  in  an  alkaline 
medium,  and  are  precipitated  when  the  urine  becomes  alkaline. 
They  are  insoluble  in  water,  but  soluble  in  acids  ;  in  urine  they 
are  held  in  solution  by  free  COj.  The  phosphates  of  the  alkalies 
are  very  soluble  in  water,  and  they  never /orm  wrinary  deposits. 
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Varieties. — The  composition  of  the  phosphates  in  nrine  varies.  In  acid 
urine  the  acid  salts,  NaH2P04  and  Ca(HjP04)2,  are  generally  present.  In 
neutral  urine  in  addition  NagHPOi,  CaHP04,  and  MgHPOi.  In  alkaline 
urine  there  may  be  also  NajPOi,  Ca3(P04)2,  and  Mg3(P04)2.  Thus,  it  is 
obvious  that  the  phosphates  of  the  urine  can  readily  change  from  one  form 
to  another.  Sometimes  on  heating  urine  in  testing  for  albumin  in  a  faintly 
acid  urine,  cloudiness,  due  to  earthy  phosphates,  may  be  thrown  down. 
It  is  soluble  in  acetic  acid ;  the  albumin  eoagulum  is  not.  The  dicalciam 
phosphate  is  decomposed  by  heat  into  soluble  acid  calcium  phosphate 
and  insoluble  tri-calcium  phosphate,  which  is  precipitated  :  4  CaHP04  = 
Ca(H2P04)2  +  Ca3(P04)2. 

6.  Earthy  phosphates  are  phosphates  of  calcium,  (CajPO Jj 
(abundant), and  magnesium  (scanty), MgHP04  +  7H2O.  Quantity 
I  to  1-5  grms.  (15  to  23  grains).  They  are  precipitated  when 
the  urine  is  alkaline,  although  not  in  the  form  in  which  they 
occur  in  the  urine  (Lesson  XVI.).  They  are  insoluble  in  water, 
readily  soluble  in  acetic  and  carbonic  acid,  and  are  precipitated 
\)j  ammonia. 

(a)  To  filtered  urine  add  HNO3,  boil,  and  add  barium  chloride, 
and  boil  again  =  a  precipitate  of  barium  sulphate.  Filter,  cool, 
and  to  filtrate  add  ammonia  =  a  precipitate  of  barium  phosphate. 

CUnlcal  signifloance. — They  are  increased  in  osteomalacia  and  rickets, 
in  chronic  rheumatoid  arthritis,  after  prolonged  mental  fatigue,  and  by 
food  and  drink,  and  diminished  in  renal  diseases  and  phthisis. 

7.  Phosphates  of  alkalies  are  chiefly  acid  sodium  phosphate 
(NaHjPO^),  with  traces  of  acid  potassium  phosphate  (Kfcr2P04)  ; 
they  are  soluble  in  water,  and  not  precipitated  by  alkalies,  and 
never  occur  as  urinary  deposits.  The  quantity  is  2  to  4  grms. 
(30  to  60  grains).  They  are  chiefly  derived  from  the  food,  and 
perhaps  a  small  amount  from  the  oxidation  of  phosphorus. 

(a)  To  clear  urine  add  ammonia,  caustic  soda,  or  potash,  and 
heat  until  the  phosphates  begin  to  separate ;  let  it  stand  for 
some  time  =  a  white  precipitate  of  earthy  phosphates.  Estimate 
approximately  the  proportion  of  the  deposit.  [If  a  high-coloured 
urine  be  used,  the  phosphates  may  go  down  coloured.] 

(6)  To  urine  add  half-volume  HNO3,  and  then  3  volumes  of 
ammonium  molybdate  and  boil  =  a  canary-yellow  crystalline 
precipitate  of  ammonium  phospho-molybdate — a  reaction  for 
phosphoric  acid  (PgOg).  J!f.B. — The  molybdate  decomposes  on 
keeping. 

(c)  To  urine  add  half  its  volume  of  ammonia,  and  allow  it  to 
stand  =  a  white  precipitate  of  earthy  phosphates.    Filter  and  test . 
the  filtrate  as  in  7  (6).     It  gives  the  reaction  for  phosphates. 
This  method  separates  the  alkaline  from  the  earthy  phosphates. 
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(d)  To  urine  add  half  its  Tolume  of  baryta  mixture  [Lesson 
XIX.  12  (c)]  =  a  copious  white  precipitate.  Pilter  and  test  the 
filtrate  as  in  7  (c).  It  gives  no  reaction  for  phosphoric  acid, 
showing  that  all  the  phosphates  are  precipitated. 

(e)  To  urine  add  excess  of  NH^Cl  and  ammonia  =  a  white 
precipitate  of  earthy  phosphates' and  oxalate  of  lime.  Filter,  and 
to  the  filtrate  add  a  solution  of  MgSO^  =  a  precipitate  of  the 
alkaline  phosphates  as  triple  phosphate.  If  the  filtrate  be  tested 
for  phosphoric  acid  by  7  (c),  no  precipitate  will  be  obtained. 

(/)  Instead  of  7  (e),  use  magnesia  mixture,  composed  of  MgSO^  and 
NH4CI,  each  I  part,  distilled  water  8  parts,  and  liquor  ammonise  i  part. 
It  gives  the  same  results  as  in  7  (e). 

(g)  To  urine  add  a  few  drops  of  acetic  acid,  and  then  uranium 
acetate  or  nitrate  =  bright  yellow  or  lemon-coloured  precipitate 
of  uranium  and  ammonium  double  phosphate — 2(U203)NH^PO^. 
This  reaction — and  the  fact  that  a  uranium  salt  added  to  potas- 
sium ferrooyanide  gives  a  reddish-brown  colour — forms  the  basis 
of  the  volumetric  estimation  of  phosphoric  acid. 

{h)  Uranium  acetate  solution  -1-  K^PeCyg  =  a  brown  colour. 

8.  In  some  pathological  urines  earthy  phosphates  are  deposited 
on  boiling,  due  to  the  acid  being  changed  into  the  basic  form. 

(a)  Boil  such  a  urine  =  a  precipitate.  It  may  be  phosphates 
or  albumin.  An  albuminous  precipitate  falls  before  the  boiling- 
point,  and  phosphates  when  the  fluid  boils.  Add  a  drop  or  two 
of  NHO3  or  acetic  acid.  If  phosphates,  the  precipitate  dissolves  ; 
if  albumin,  it  is  unchanged. 


BFig.  so.— stellar  Phosphate. 


Fig.  SI.— Various  Forms  ol  Triple  Phosphate. 


9.  Microscopic  examination. — J/'.B.  Alkaline  phosphates  are 
soluble  in  water,  and  never  occur  as  urinary  deposits. 


136 


FKACtlCAL   PHYSIOLOGY. 


[XVII. 


(a)  Examine  a  preparation  or  a  deposit  of  calcic  pltosphate, 
which  may  exist  either  in  the  amorphous  form  or  the  crystalline 
condition,  when  it  is  known  as  " stelltM- phosphate"  (fig.  50). 

(6)  Prepare  "stellar  phos- 
phate" crystals  by  adding 
CaClj  to  normal  urine,  and 
then  nearly  neutralising.  On 
standing,  crystals  like  the  rare 
clinical  form  of  stellar  phos- 
phates are  obtained. 

(c)  Triple  phosphate,  or 
ammonio-magnesic  phosphate 
Mg(NH4)P04  +  6H3O,  never 
occurs  in  normal  urine.  Its 
presence  indicates  decomposi- 
tion of  urea,  which  yields  the 
ammonia  necessary  to  combine 
with  magnesium  phosphate  to 
form  this  compound.  It  forms 
large,  clear  "knife-rest" crystals 

(fig-  SI)- 

(d)  Add  ammonia  to  urine; 
the  ammonio-magnesic  phos- 
phate is  thrown  down  in  a 
feathery  form,  which  is  very 
rarely  met  with  in  human  urine 
clinically  (fig.  52). 


Fig.  52.— Feathery  Forms  of  Triple  Phosphate.  Fig.  53.— Burette  and  Stand. 

10.  General  rules  for  all  volumetric  processes. 

[Burette  and  stand  (fig.  53),  designed  by  Dr.  F.  J.  Allen.  It 
combines  a  retort  stand,  a  Bunsen  burner,  and  a  spiral  burette 
holder.     The  burner  and  the  burette  can  be  turned  aside  after 
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use,  the  burner  always  moving  to  the  right,  the  burette  to  the 
left,  so  that  the  burette  cannot  be  accidentally  injured  by  the 
flame.     (Made  by  Baird  &  Tatlock.)] 

(a)  The  burette  must  be  carefully  washed  out  with  the  titrat- 
ing solution,  and  fixed  vertically  in  a  suitable  holder. 

(6)  Air-bubbles  must  be  removed  from  the  burette  and  out- 
flow tube.  The  latter  must  be  quite  filled  with  the  titrating 
solution. 

(c)  Fill  the  burette  with  the  solution  up  to  zero,  and  always 
remove  the  funnel  with  which  it  is  filled. 

(d)  Bead  off  the  burette  always  in  the  same  manner,  and 
allow  a  short  time  to  elapse  before  doing  so,  to  allow  the  fluid 
to  run  down  the  side  of  the  tube. 

(e)  The  titrating  fluid  and  the  fluid  being  titrated  must 
always  be  thoroughly  well  mixed. 

(/)  Make  two  estimations,  the  first  approximate,  the  second 
exact. 

11.  Volumetric  process  for  phosphoric  acid  (P2O5)  {Ferrocyanide 
of  potassium  as  indicator). — i  c.c.  of  the  SS.  (Uranium  acetate) 
=  -005  grm.  phosphoric  acid. 

Solutions  reqlitred. — SocUum  acetate  solution. — Dissolve  100  grms.  of 
sodium  acetate  in  lOO  c.c.  pure  acetic  acid,  and  dilute  the  mixture  with 
distilled  water  to  looo  c.c. 

Potassium  ferrooyanlde  solution. — i  to  20  parts  in  water. 

Uranium  nitrate  solution  (i  c.e.  =  -005  grm.  PjOj). — Dissolve  35-5 
grains  of  uranium  nitrate  in  strong  acetic  acid,  and  dilute  the  solution 
to  I  litre. 

Apparatus  req,uired. — Mohr's  burette,  fitted  in  a  stand,  and  provided 
with  a  Mohr's  clip ;  white  porcelain  or  drop  paper ;  tripod  stand  and  wire 
gauze ;  small  beaker ;  two  pipettes,  one  to  deliver  50  c.c,  the  other  5  c.c.  ; 
glass  rod. 

(a)  Measure  amount  of  urine  passed  during  24  hours. 

(6)  By  means  of  a  pipette  place  50  c.c.  of  the  mixed  and 
filtered  urine  in  a  beaker.     Place  it  under  a  burette. 

(c)  To  the  urine  add  5  c.c.  of  the  sodium  acetate  solution  ;  mix. 

{d)  Pill  Mohr's  burette  with  the  SS.  of  uranium  acetate  up  to 
zero,  or  to  any  convenient  mark  on  the  burette.  See  that  the 
Mohr's  clip  is  tight,  and  that  the  outfiow  tube  is  filled  with 
the  SS.  Note  the  height  of  the  fiuid  in  the  burette.  Heat  the 
urine  in  the  beaker  to  about  80°  0.  Drop  in"the  SS.  of  uranium 
acetate  from  the  burette.  Mix  thoroughly.  Test — on  drop- 
paper  or  on  a  white  plate — a  drop  of  the  mixture  from  time  to 
time,  until  it  gives  a  faint  brown  colour  when  mixed  with  a  drop 
of  potassium  ferrocyanide. 
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(e)  Boil  the  mixture  and  test  again.  If  necessary  add  a  few 
more  drops  of  the  SS.,  until  the  brown  colour  reappears  on  test- 
ing with  the  indicator.  [Paper  may  be  dipped  in  the  indicator 
solution  and  tested  with  a  drop  of  the  mixture.]  Read  off  the 
number  of  c.c.  used. 

Example. — Suppose  17  o.c  of  the  SS.  are  required  to  precipitate  the 
phosphates  in  50  c.c.  of  urine;  as  i  c.c.  of  SS.  =  '005  grm.  of  phoaphoric 
acid,  then  -065  x  17  =  -185  grm.  of  phosphoric  acid  in  50  c.c  of  urine. 
Suppose  the  patient  passed  1250  c.c.  of  urine  in  24  hours,  then 

o         1250  X 
1250  :  :  ■085  :  x  — ■'  - 


SO 


5° 


-^-i  =  2-12  grms.  of  phosphoric  in  24  hours. 


12.  Reading  off  the  burette. — In  the  case  of  the  burette  being 
filled  with  a  watery  fluid,  note  that  the  upper  surface  of  the 
water  is  concave.  Always  bring  the  eye  to 
the  level  of  the  same  horizontal  plane  as  the 
bottom  of  the  meniscus  curve.  ¥ig.  54  shows 
how  different  readings  may  be  obtained  if 
the  eye  is  plaiced  at  different  levels,  A, 
B,  C. 


rig.  54.— A,  Burette  meniscus ;  B,  Schellbach's  burette  with  Fig.  55. 

white  enamelled  hack  and  black  and  white  stripe  for  Erdmaim's  float, 

accurate  reading  {F.  and  M.  Ijautenschldger). 

13.  Erdmann'B  float  (fig.  55)  consists  of  a  glass  vessel  loaded  with 
mercury,  so  that  it  Will  float  vertically.  It  is  used  to  facilitate  reading 
the  burette.     It  has  a  horizontal  line  engraved  round  its  middle,  and  must 
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be  of  Buch  a  width  as  to  allow  it  just  to  float  freely  in  the  burette.  Bead 
off  the  mark  on  the  burette  which  coincides  with  the  ring  on  the  float. 

14.  Carbonates  and  bicarbonates  of  the  alkalies  are  generally  present  in 
alkaline  urine,  and  are  most  abundant  in  the  urine  of  herbivora  and 
vegetarians.  They  are  derived  from  oxidation  of  organic  vegetable  acids. 
Carbonate  of  lime  is  not  normally  present  in  human  urine,  though  it  is 
sometimes  found  as  a  deposit. 

15.  Iron.— O'ooi  to  -oi  grm.  excreted  daily,  so  that  the  body  holds  very 
tenaciously  to  its  iron. 

16.  Calcium  and  magnesium  occur  to  the  extent  of  o'2  to  0'3  grm.  per 
day.     They  are  chiefly  combined  with  phosphoric  acid. 

(a)  Calcium. — ^Add  a  drop  or  two  of  acetic  acid,  then  ammonium  oxalate 
solution  =  precipitate  of  calcium  oxalate.     Filter. 

(6)  To  filtrate  of  (a)  +  NH4HO  and  sodium  phosphate.  Ammonio- 
magnesium  phosphate  soluble  in  acetic  acid. 

17.  Oxalate  of  lime  occurs  in  very  small  quantity  as  a  constituent  of 
normal  urine  (oxalic  acid  =  10  to  15  mgrs.  per  day).  It  is  said  to  be 
increased  by  eating  rhubarb  and  tomatoes.  It  is  often  present  in  excess  in 
diabetes.  When  it  occurs  in  undue  amount  the  condition  is  called  Oxaluria. 
Oxalates   may  occur   in   acid,  neutral,  or 

alkaline  urine.      In  normal  urine  oxalates  ^ 

are  held  in  solution   by   the  acid   phos-  ■^ 

phates.      On   standing,    the    acid   become       ^^  ^ 

neutral  phosphates,  and  oxalates  are  de-      ^& 

posited. 

(a)  To  200  CO.  urine  add  a  few  drops  of  " 

saturated  solution  of  oxalic  acid  solution. 
Set  aside  for  24  hours.     Examine  the  sedi-  ^ 

ment  for  octahedra  (fig.  56),  of  oxalate  of 
lime,  and  perhaps  other  forms.     Ascertain  0 

their  solubility  in  acetic  acid  and  in  hydro- 
chloric acid.  ^  # 
(6)  To  soo  c.  c.  urine  add  CaCla  ( 10  p.  c. )      j-jg  je.-Oxalate  of  lime.    Octa- 
and  ammonia.      Acidify  with   acetic  acid          hedra  and  hour-glass  formB. 
=  precipitate  of  calcium  oxalate  and  uric 

acid.  After  24  hours  filter  and  wash  the  precipitate  in  the  filter  with 
dilute  HCl,  which  dissolves  the  oxalate,  but  not  the  uric  acid.  To  the 
filtrate  add  ammonia  when  oxalate  of  lime  is  precipitated  (microscope, 
fig.  56),  but  owing  to  its  lightness  it  sinks  slowly. 

18.  Ammonia. — A  little  exists  in  urine  combined  as  a  salt,  some  of  it  in 
combination  with  uric  acid.  Amount  excreted  daily  07  grm.  (12  grains). 
About  2  to  4  p.  c.  of  the  waste  N  of  the  urine  is  given  on  in  the  form  of 
ammoniacal  salts. 

(a)  To  25  o.c.  urine  in  a  beaker,  add  10  c.c.  milk  of  lime.  Cover  with  a 
glass-cover  having  on  its  under  side  a  strip  of  moistened  red  litmus.  The 
lime  liberated  turns  the  red  litmus  blue. 
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LESSON  XVIII. 

ORGANIC  BODIES  IN  URINE— UREA— KJELDAHL'S 
ESTIMATION  OP  TOTAL  N. 

1.  Urea  (CON2H4)  is  the  most  important  organic  constituent  in 
urine,  and  is  the  chief  end-product  of  the  oxidation  of  the 
nitrogenous  constituents  of  the  tissues  and  food.  It  crystallises 
in  silken  four-sided  prisms,  with  obliquely-cut  ends  (rhombic 
system),  and,  when  rapidly  crystallised,  in  delicate  white 
needles.  It  has  no  effect  on  litmus ;  odourless,  weak  cool-bitter 
taste,  like  saltpetre.  It  is  very  soluble  in  water  and  in  alcohol, 
and  almost  insoluble  in  ether.  It  is  isomeric  with — i.e.,  it  has 
the  same  empirical,  but  not  the  same  structural  formula  as 
ammonium  cyanate  (NH4)CN0.     It  may 

be  regarded  as  a  diamid  of  COg  or  as  carbamid  =  CO-j  >n-g-^' 

Urea  represents  the  final  stage  of  the  metamorphosis  of  albu- 
minous substances  within  the  human  body.  It  forms  about  2 
p.c.  of  the  total  urinary  solids.  This  equals  0-5  per  kilo,  of  body- 
weight  and  45 '8  p.c.  of  the  total  urinary  solids.  Urea  contains 
46'6  p.c.  N.  100  grms.  of  proteid  are  represented  by  33  grms. 
of  urea  in  the  urine  (blood  contains  less  than  o'02  p.c). 
About  nine-tenths  (86  p.c.)  of  all  the  N  taken  in  is  excreted  in 
the  form  of  urea.  While  this  is  true  for  man  and  mammals,  it 
is  not  so  for  amphibians,  reptiles,  and  birds,  where  uric  acid  is 
the  chief  nitrogenous  waste  product. 

2.  Preparation. — To  20  c.c.  of  filtered  human  urine  add  20  c.c. 
baryta  mixture  —  Lesson  XIX.  12  (c) — to  precipitate  the 
phosphates.  Filter,  evaporate  the  filtrate  to  dryness  in  an 
evaporating  chamber,  and  extract  the  residue  with  boiling 
alcohol.  Filter  off  the  alcoholic  solution,  place  some  of  it  on  a 
slide.  The  urea  separates  out  spontaneously,  usually  in  long, 
fine,  transparent  needles.  Examine  them  microscopically 
(fig-  57,  a). 

3.  Combinations. — Urea  combines  with  acids,  bases,  and  salts. 
Evaporate  urine  to  one-sixth  its  bulk ;  divide  the  residue  into 
two  portions  (for  the  preparation  of  nitrate  and  oxalate). 
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4.  Urea  nitrate  (CH^NgO,  HNO3).— (a)  To  the  concentrated 
urine  add  strong  pure  HNO3  =  a  precipitate  of  glancing  scales 


Kg.  S7.— a,  Urea ;  b,  Hexagonal  plates ;  and  e,  Smaller  scales,  or  rhombic 
plates  of  urea  nitrate. 

of  urea  nitrate,  which,  being  almost  insoluble  in  HNOg,  separate 
out  in  rhombic  plates  or  six-sided  tables,  with  a  mother-of-pearl 
lustre,  and  often   imbricate  ar- 
rangement.     Best  if  kept  cool.  p      i;3 
Examine  with   microscope   (fig. 

S7>4 

[(6)  If  dealing  with  traces  of 
urea,  concentrate  the  fluid,  place  V^ 
a  drop  on  a  slide,  put  into  the 
drop  one  end  of  a  thread,  apply 
a  cover-glass,  and  put  a  drop  of 
pii/re  HNO3  °^  ^^^  ^^^^  ^^^  ^^ 
the  thread.  The  acid  passes  into 
the  fluid,  and  microscopic  crystals 
of  urea  nitrate  are  formed  on 
the  thread  (Microscope)]. 


a 

0 


o 

v- 


O 


Fig.  s8.— Crystals  of  oxalate  of  urea 
from  urine. 


5.  Urea  oxalate  (OH4^N,0)2  O^HgO^  -1-  HjO.— (a)  To  the  con- 
centrated urine  add  a  strong  solution  of  oxalic  acid.  Crystals  of 
oxalate  of  urea  separate  (Microscope,  fig.  58). 
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6.  Urea  and  mercuric  nitrate  (aOONjH^  +  Hg(N03)2  + 
3HgO). — (a)  To  urine  add  one-third  volume  of  baryta  mixture 
to  remove  the  phosphates  and  sulphates.  Filter  this  off, 
reaction  of  filtrate  is  probably  alkaline;  if  so,  neutralise  with 
acetic  acid  and  add  mercuric  nitrate  =  a  white,  cheesy  pre- 
cipitate, a  compound  of  urea  and  mercuric  nitrate.  Add  NaOl,  it 
disappears.  Liebig's  method  for  the  estimation  of  urea 
is  founded  on  this  reaction.  Owing  to  the  fact  that  before  the 
urea  is  precipitated  in  urine  as  a  compound  of  mercury  the 
chlorides  are  decomposed — HgClg  being  formed — and  therefore 
involving  a  "  correction  for  chlorides,"  the  volumetric  process 
of  Liebig  based  on  this  precipitate  has  been  abandoned. 

7.  Other  reactions  of  nrea. — Make  a  strong  watery  solution  of 
urea,  and  with  it  perform  the  following  tests  : — 

(a)  Allow  a  drop  to  evaporate  on  a  slide,  and  examine  the 
crystals  (fig.  57,  a). 

(6)  Add  mercuric  nitrate  =  white  precipitate,  which  dissolves 
on  addition  of  NaCl. 

(c)  Add  piire  HNO3  =  a  precipitate  of  urea  nitrate  (fig.  57,  b). 

(d)  Add  ordinary  nitric  acid  yellow  with  niProus  acid;  bubbles 
of  gas  (COg  and  N)  are  given  off. 

(e)  Add  a  solution  of  sodium  hypobromite  =  rapid  evolution 
of  gas  (N  and  COg). 

CO(]SrH2)2  +  sNaBrO  =  sNaBr  +  COj  +  N2  +  HjO 

(/)  Biuret  reaction. — Heat  some  crystals  in  a  hard  dry  tube  ;  they  melt 
( 1 30°  C. ) ,  ammonia  is  given  oflf,  and  is  recognised  by  its  smell  and  its  action  on 
litmus  paper,  while  a  white  sublimate  of  cyanuric  acid  (C3H3N3O3)  is 
deposited  on  the  upper  cool  part  of  the  tube.  Heat  the  tube  until  there  is 
no  longer  an  odour  of  ammonia.  Allow  the  tube  to  cool,  add  a  drop  or  two 
of  water  to  dissolve  the  residue,  a  few  drops  of  NaHO  and  very  dilute 
solution  of  CUSO4  =  a  pink  colour  (biuret  reaction).  Two  molecules  of 
urea  yield  one  of  biuret. 

^o{nh     co<n^2 

iSH'  =  pn>NH  +NH3 
CO  I  ^g2     C0<NH2 

{g)  Add  caustic  potash,  and  heat.  The  urea  is  decomposed,  ammonia 
is  evolved,  and  ammonium  carbonate  is  formed : — CONoHi  +  2H„0  = 
(NHJaCOj. 

{h)  Cover  crystals  of  urea  in  a  porcelain  capsule  with  a  saturated 
freshly -prepared  concentrated  watery  solution  of  furfural,  and  add  a  drop 
of  HCl  =  a  rapid  play  of  colours,  beginning  with  yellow  and  passing  through 
green,  purple,  to  violet  or  brown.     This  test  requires  care  {Schiff). 


XVIII.]  ORGANIC    BODIES   IN   URINE.  143 

(i)  When  split  up  by  the  ferment  of  micrococcus  urece  it  takes  up  water 
and  yields  carbonate  of  ammonia : — CO(NH2)2  +  2H2O  =  (NH4)2C03. 

8.  Quantity. — An  adult  excretes  30  to  40  grms.  (450  to  600 
grains)  daily;  children  relatively  more.     It  varies,  however,  with 

(o)  Nature  and  quaiUity  of  the  food. — Increased  when  the  nitrogenous 
matters  are  increased  in  the  food,  and  is  diminished  by  vegetable  diet.  On 
a  purely  meat  diet  a  person  may  excrete  60  grms.  per  day,  and  on  a  bread 
diet  about  20  grms.  hence  it  is  most  abundant  in  the  urine  of  carnivorous 
animals.  It  is  increased  by  copious  draughts  of  water,  salts.  It  is  still 
excreted  during  starvation. 

(5)  Mvscvla/r  exercise  (ordinary)  has  little  effect  on  the  amount. 

(c)  Disease, — In  the  acute  stage  of  fevers  and  inflammation  there  is  an 
increased  formation  and  discharge,  also  in  diabetes.  Diminished  in  anaemia, 
cholera,  in  acute  and  chronic  Bright's  disease.  If  it  is  retained  within  the 
body  it  gives  rise  to  uraemia,  when  it  may  be  excreted  by  the  skin,  or  be 
given  off  by  the  bowel. 

9.  Ooourrence. — Urea  occurs  in  the  blood,  lymph,  chyle,  liver,  lymph 
glands,  spleen,  lungs,  brain,  saliva,  amniotic  fluid.  The  chief  seat  of  its 
formation  is  very  probably  the  liver.  It  also  occurs  in  small  quantity  in 
the  urine  of  birds,  reptiles,  and  herbivora,  but  it  is  most  abundant  in  that 
of  camivora. 

10.  Ejeldahl's  method  of  estimating  nitrogen. — This  method,  when 
once  the  standardised  solutions  are  prepared,  and  the  apparatus  set  up, 
can  be  carried  out  in  about  an  hour,  and  several  estimations  can  be  carried 
out  simultaneously,  (a)  Incineration. — The  organic  matter  is  destroyed  by 
prolonged  heating  of  the  substance  with  sulphuric  acid,  until  the  origin- 
ally blackish,  fluid  becomes  clear  and  yellow  coloured — ammonium  sulphate 
which  contains  all  the  N  being  formed.  (6)  Nevtralisation. — After  it  cools, 
caustic  soda  is  added  in  excess  to  liberate  the  ammonia,  (c)  Distillation. — 
The  flask  is  corked,  and  the  mixture  is  distilled,  whereby  the  ammonia 
passes  over  into  a  standardised  solution  of  sulphuric  acid,  (d)  Titration.  — 
The  ammonia  is  calculated  by  titrating  the  sulphuric  acid  with  standard 
caustic  soda. 

(a)  Destruction  of  organic  matter. — Place  in  a  long -necked  boiling 
flask  of  200  o.c.  capacity  O'l  to  l  grm.  of  the  powdered  dry  substance,  or 
10  c.c.  urine.  To  destroy  the  organic  matter  add  10  to  20  c.c.  of  the  fol- 
lowing mixture: — 15  c.c.  pure  H2SO4,  10  grms.  potassium  sulphate  and 
0'5  grm.  CUSO4,  all  free  from  ammonia.  Heat  on  a  wire  gauze  with  a 
Bunsen  burner,  but  keep  the  temperature  below  boiling.  Heat  for  i  to 
2  hours  until  the  fluid  becomes  clear  and  greenish. 

(6)  Neutralisation. — Cool  the  flask,  add  a  Uttle  water,  and  wash  the 
contents,  with  as  little  water  as  possible,  into  a  large  flask  of  700  c.c. 
capacity.  Neutralise  with  pure  caustic  soda  or  potash  (S.G.  fi3).  Add 
a  little  metallic  zinc  to  prevent  bumping  during  the  subsequent  distil- 
lation. 

(c)  Distillation. — Rapidly  close  the  flask  with  a  perforated  caoutchouc 
stopper  through  which  passes  a  tube  with  two  i-inch  bulbs  blown  upon  it. 
The  bulbs  are  to  collect  and  prevent  the  passage  of  soda  spray.  The  tube 
above  the  bulbs  passes  through  a  condenser,  and  the  delivery  tube  end  of 
the  condenser  tube  passes    into  a  flask  containing  a,  measured  excess 
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of  standard  acid  (HjSOJ.  Distil  the  mixture  about  an  hour  in  the  flask, 
and  the  ammonia  passes  over  into  the  acid. 

(d)  Titration. — Determine  the  amount  of  acidity  in  the  distillate  by 
titration  with  a  standard  solution  of  caustic  soda  or  potash,  methyl  orange 
being  used  as  an  indicator  of  the  end  of  the  reaction.  Methyl  orange  gives 
a  pink  with  an  acid,  and  yellow  with  an  alkali. 

The  apparatus  used  in  the  Physiological  Laboratory  of  Owens  College 
is  that  made  by  Messrs.  Baird  &  Tatlock,  and  is  so  arranged  that  several 
estimations  can  be  made  simultaneously.     Other  modifications  are  in  use. 

Example. — Suppose  0-15  grm.  of  the  N-substance  has  been  treated  with 
acid,  neutralised,  and  the  ammonia  distilled  over  and  received  by  100  0.0. 
of  a  deoinormal  solution  of  HCl  (  =  10  c.c.  normal  acid).  The  distillate  is 
then  treated  with  deoinormal  caustic  soda,  and  suppose  it  is  found  that 
the  neiitral  point  is  reached  when  60  0.0.  of  the  decinormal  soda  has  been 
added.  The  remaining  40  0.0.  must  therefore  havei  been  neutralised  by 
the  ammonia  obtained  from  the  nitrogenous  substance  investigated.  This 
40  CO.  of  decinormal  acid  =  4  c.c.  of  normal  acid =4  c.c.  of  normal  ammonia 
=  4x0 '017  =  0'o68  grm.  of  ammonia ;  o'i5  grm.  of  the  substance,  there- 
fore, yields  o"o68  grm.  of  ammonia,  and  this  amount  contains  0*056  grm, 
of  nitrogen ;  100  grms.  of  the  substance  investigp.ted  will  therefore  contain 

=37'3  grms.  of  nitrogen. — (From  Sutton's  Volumetric  Analysis, 

by  Warington.) 

There  are  various  modifications  of  this  method,  both  as  regards  appa- 
ratus and  procedure.  In  Willfarth's  apparatus  a  globule  of  metallic 
mercury  is  idded  to  assist  oxidation,  while  talc  is  added  during  distillation 
to  avoid  bumping.  Others  add  dry  potassium  sulphate  and  copper  sul- 
phate (o'5  grm.).  The  former  (12  grms.)  raises  the  boiling  point,  and  the 
copper  aids  oxidation.  Decinormal  sulphuric  acid  is  used  as  the  standard 
acid. 

For  a  method  of  distillation  without  a  condenser — by  means  of  tubes 
with  wide  bulbs  in  their  course— see  Leather  Industries,  by  Proctor,  and 
a  somewhat  similar  apparatus  in  v.  Jaksch,  Clinical  Diagnosis,  4th  edit., 
1899,  fig.  141,  p.  368. 

In  the  more  recent  apparatus,  as  shown  in  fig.  59,  the  distillate  is  not 
cooled  by  a  water  condenser ;  all  that  is  required  is  wide  bulbs  in  the 
course  of  the  distillation  tube. 

11.  Kjeldahl-Guiming  method  (for  urine). — I.  Oxidation. — From'  a 
burette  measure  10  c.c.  urine  into  a  hard  glass  flask.  Add  the  ingredients 
suggested  by  Gunning — i.e.,  15  c.c.  H2SO4  and  0-5  grm.  CUSO4;  heat,  and 
then  add  the  powdered  potassium  sulphate.  In  an  evaporating  chamber 
boil  about  an  hour — inclining  the  flask — on  a  sand-bath  or  wire  gauze,  as 
shown  in  fig.  59,  until  the  mixture  becomes  almost  clear  (greenish). 

II.  Distillation. — Cool,  and  pour  the  fluid  into  the  flask  of  the  distil- 
lation apparatus.  Wash  out  thoroughly  with  water,  and  add  this  to  the 
original  fluid.  Cool  again.  Add  some  talc  and  about  40  c.c.  of  caustic 
soda,  S.G.  I  "34,  which  neutralises  all  the  H2SO4  and  leaves  an  excess  of 
soda  sufficient  to  liberate  the  NHj.  Connect  the  distillation  flask  as 
quickly  as  possible  with  the  distilling  apparatus  previously  arranged 
(fig.  59).  The  vessel  receiving  the  distillate  consists  either  of  a  U-shaped 
tube  with  bulbs  or,  preferably,  an  Erlenmeyer  flask  (300  c.  c. ).  Into  the 
latter  is  run  in  beforehand  from  a  burette,  say,  80  c.c.  -^  (deoinormal) 
H2SO4. 
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Fig.  sg.— A,  Kjeldahl  apparatus,  as  suggested  by  Proctor.  This  shows  the  distillation 
apparatus.  Where  gaps  are  shown  in  the  tubes  glass  bulbs  occur.  Instead  of 
the  bent-receiving  tube  an  Erlenmeyer's  flask  is  more  suitable.  B,  Incinerating 
apparatus.  C,  Apparatus  for  distillation  of  many  samples  at  one  time  (Reynolds 
A  Branson,  Iieeds), 

10 
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Go  on  distilling  until  the  fluid  in  the  flask,  from  the  formation  of 
sodium  sulphate,  begins  to  bump  (20  mins.).  As  soon  as  the  bumping 
begins  detach  the  flask  and  stop  the  distillation. 

III,  Titration. — Cool  the  receiving  flask,  add  a  few  drops  of  methyl- 
orange  (•oi  p.o. )  or  tincture  of  cochineal.  Titrate  the  uncombined  acid 
■with  -M^  NaOH  (from  burette)  until  the  methyl-orange  turns  yellow  or  the 
cochineal  indicates  a  neutral  reaction, 

IV,  Ocdcidation. 

1  CO,  ^  NaOH  =  I  CO,  ^  H2SO4  =  0-0017  NH3  =  0-0014  N, 
Suppose  (i)  80  c,c.  ^  H2SO4  in  Erlenmeyer  flask, 

(2)  10  o,c.  ~fy  NaOH  used  to  obtain  neutral  reaction. 
The  30  c,c.  ^  H2SO4  have  been  neutralised  by  the  distilled  ammonia,  so 
that  as  much  NH3  has  passed  over  as  is  contained  in  30  c,c.  -^  NH3. 
Ammonia  is  monobasic,  so  that  a  -^  solution  contains  i  -7  grms,  NH3  or 
1-4  grms,  N  per  litre — i.e.,  0-017  grm-  NH3  =  0-0014  grm,  N  in  i  o,e, 
or  0-042  grm,  N  in  30  c,o.  Therefore,  in  the  10  c,c,  of  urine  there  was 
0-042  grm,  N  =  0-42  p.c,  N.  1 

This  method  may  also  be  used  to  estimate  the  N  in  fseces,  meat,  &o, 

IS,  Total  nitrogen  (PflUger  and  BoMand's  approximative  method). — 
Take  10  0,0,  of  urine,  add  Liebig's  mercuric  nitrate  until  a  faint  yellow  is 
obtained  with  a  drop  of  the  mixture  when  the  latter  is  tested  with  sodium 
carbonate.  The  number  of  c,o,  of  the  SS,'used  mijltiplied  by  0-04  gives 
the  total  N, 
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LESSON   XIX. 

VOLTTMETRIC  ANALYSIS  FOR  UREA. 

1.  Before  perfoi:ming  the  volumetric  analysis  for  urea  practise 
the  following  reactions,  which  form  the  basis  of  this  process  : — 

(a)  To  a  solution  of  sodic  carbonate  add  mercuric  nitrate  =  a 
yellow  precipitate  of  mercuric  hydrate. 

(5)  To  urine  add  sodic  carbonate,  and  then  mei-curic  nitrate  = 
first  of  all  a  white  cheesy  precipitate  ;  on  adding  more  mercuric 
nitrate,  a  yellow  is  obtained — i.e.,  no  yellow  is  obtained  until 
the  mercuric  nitrate  has  combined  with  the  urea — and  there  is 
an  excess  of  the  mercuric  salt. 

(c)  To  urine  add  hypobromite  of  soda.  At  once  the  urea  is 
decomposed,  and  bubbles  of  gas — N  and  (OOj) — are  given  off. 

2.  Estimation  of  urea  by  Httfner's  hypobromite  method. 

The  principle  of  this  method  depends  on  the  fact  that  urea  is 
decomposed  by  alkaline  solution  of  sodium  hypobromite,  yield- 
ing water,  COj  and  N.  The  COj  is  absorbed  by  the  excess  of 
NaHO,  the  N,  which  is  disengaged  in  bubbles,  is  collected  and 
measured  in  a  suitable  apparatus. 

Remain  in  Solution.  Escapes  and 

is  measured. 


Sodium  Carbon  Sodium 

Urea.  Hypobromite.       Dioxide.         Water.  Bromide.      Nitrogen. 

C0N2H^  +  sNaBrO   =   COj   +   2H2O    +    sNaBr   +    Ng 

Every  o-i  grm.  of  urea  contains  -046  grm.  N ;  this  at  the 
ordinary  temperature  and  pressure  =  37-3  c.c.  of  nitrogen.  In 
practice  35-4  c.c.  are  obtained  at  ordinary  temperature  (18°  C.) 
and  pressure,  owing  to  the  difficulty  of  disengaging  all  the  gas. 
The  urates  and  kreatinin  also  yield  a  little  N,  so  that  in  the 
empirical  graduating  of  instruments  this  error  is  taken  into 
account.     It  is  the  method  generally  used  for  clinical  purposes. 

3.  Apparatus  and  solutions  recLUired. 
( i.  )  A  40  p.c.  solution  of  NaHO. 

(ii.  )  Tubes  (already  prepared)  containing  2  and  4  c.c.  of  bromine.  This 
is  more  convenient  than  fluid  bromine. 

(iii. )  Strong  glass  cylinder  with  a  glass  stopper. 

(iv. )  5  c.c.  pipette. 

(  V.)  Urea  apparatus — e.g.,  of  Dupr^,  or  Gerrard. 


148 


PRACTICAL   PHYSIOLOGY. 


[XIX. 


4.  BypobromitR  solution. — Place  23  c.c.  of  the  NaHO  solution  in  the 
glass-stoppered  cylinder,  drop  into  it  gently  a  tube  containing  2  c.c.  of 
bromine.  Shake  the  cylinder  so  as  to  break  the  tube ;  the  soda  combines 
with  the  bromine.     Make  the  solution  fresh  each  time. 

5.  Dupre's  apparatus. — In  this  apparatus  (fig.  60)  the  graduar 
tion  on  the  collecting  tube  represents  either  the  percentage  of 

urea;  or  c.c.  of  N.  The  collecting 
tube,  which  is  clamped  above,  is 
placed  in  a  tall  vessel  of  water, 
and  connected  with  a  small 
glass  flask  containing  a  short 
tube. 

(a)  Remove  the  short  tube  from 
the  flask,  and  in  the  latter  place 
25  c.c.  hypobromite  solution. 

(6)  With  a  pipette  place  5  c.c.  of 
filtered  urine  in  the  short  tube 
attached  to  the  india  -  rubber 
stopper.  Replace  the  caoutchouc 
stopper. 

(c)  Test  if  all  the  connections 
are  tight.  Open  the  clamp  at  the 
upper  end  of  the  collecting  tube, 
depress  the  tube  in  the  water  until 
the  water  inside  and  outside  the 
tube  is  at  zero  of  the  graduation. 
Close  the  clamp,  and  raise  the 
collecting  tube.  If  the  apparatus 
be  tight  no  air  will  pass  in,  and 
on  lowering  the  collecting  tube 
the  water  will  stand  at  zero  inside 
and  outside  the  tube. 

{d)  Gently  tilt  the  flask  to  mix 
the  urine  and  hypobromite  solu- 
tion. Gases  are  rapidly  given  off, 
but  the  CO2  is  absorbed  by  the 
excess  of  NaHO,  while  the  N 
collects  in  the  graduated  measur- 
rig.  60.— DuprS's  urea  apparatus.  ing  tube, 
(e)  Place  the  flask  in  a  jar  of  water,  and  slightly  lower  the 
measuring  tube.  After  all  effervescence  has  ceased,  and  when 
the  N  collected  in  the  collecting  tube  has  cooled  to  the  tempera- 
ture of  the  room — i.e.,  in  5  to  10  minutes^raise  the  collecting 
tube  until  the  fluid  inside  and  outside  stands  at  the  same  level. 
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Read  off  the  graduated  tube ;  this  gives  the  percentage  of  urea. 
'  Or,  if  the  burette  be  graduated  in  c.c,  read  oiT  the  number  of 
CO.,  and  calculate  the  amount  of  urea  from  the  amount  of  N 
evolved. 

Other  bodies  in  urine — e.g.,  uric  acid  (urates)  and'  kreatinin, 
but  not  hippuric  acid — also  yield  nitrogen  by  this  process ; 
further  note,  that  only  about  92  p.c.  of  the  N  of  urea  is  given 
off.  These  sources  of  fallacy  are,  however,  taken  into  account 
in  graduating  the  apparatus. 

6.  Steell's    apparatus    (fig.   61). — The    collecting    tube  is  a 

(T 


Fig.  61. — Steell's  apparatus  for  urea.  A,  Flask  for  hypo- 
bromite.  B,  Tube  for  urine.  C,  Burette.  D,  Vessel 
with  water.    E,  Vessel  with  water  to  cool  A. 


Fig.  6z. — Ureameter  of 
Doremus,  with  pipette. 


burette  graduated  in  c.c. — (a)  Use  this  apparatus  in  a  similar 
manner.  The  tube  B  is  introduced  into  the  flask  A  by  means 
of  a  pair  of  forceps. 

(6)  Read  off  the  number  of  c.c.  of  N  evolved,  and  from  this 
calculate  the  amount  of  urea.     Every  35  -4  c.c.  N  =  o-i  grm.  urea. 

7.  Ureameter  of  Doremus  (fig.  62). — It  consists  of  a  graduated 
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bulb-tube,  closed  at  one  end.  The  hypobromite  solution  is 
poured  into  the  tube  up  to  a  certain  mark,  and  diluted  with 
water  to  fill  the  long  arm  and  bend.  The  urine  to  be  tested  is 
drawn  into  the  pipette  to  the  graduation.  The  tip  of  the  pipette 
is  then  passed  into  the  ureameter,  as  far  as  the  bend,  and  the 
nipple  is  compressed  slowly.  The  urine  rises  through  the  hypo- 
bromite solution,  and  the  gas  evolved  collects  in  the  upper  part 
of  the  tube. 

Each  division  indicates  -ooi  grm.  of  urea  in  i  c.c.  of  urine. 
The  percentage  of  urea  present  in  the  urine  is  found  by  multi- 
plying the  result  of  the  test  by  loo. 

A  recent  modification  of  this  apparatus  may  be  used.  In  it  a  knee- 
shaped,  graduated  open  tube,  with  stopcock  fixed  to  the  upright  stem,  re- 
places the  pipette.  This  tube  is  filled  with  the  urine,  while  the  hypo- 
bromite solution  is  placed  in  the  ureameter. 

8.  Liebig's  process  {Sodic  carbonate  as  indicator). — i  c.c.  of  the  S.S. 
(mercuric  nitrate)  =  'Oi  grm.  or  lo  milligrams  of  urea.  As  this  method  has 
been  largely  supplanted  by  the  hypobromite  process,  it  has  been  omitted 
in  this  edition. 


Additional  Exercises. 

9.  Hiifner's  apparatus  (fig.  63). — It  consists  of  a  stout  fusiform  glass 
cylinder  (B)  (capacity  100  0.0.),  connected  below  by  means  of  a  glass  tap 
with  a  smaller  tube  (capacity  5  c.c).  The  capacity  of  A  is  important,  as 
it  contains  the  urine,  so  that  it  must  be  previously  calibrated.  The  re- 
mainder of  the  apparatus  consists  of  a  glass  bowl  (C)  fitted  by  means  of  a 
caoutchouc  stopper  upon  the  upper  end  of  B.  Above  this  is  a  graduated 
gas-collecting  tube  (D),  40  cm.  long  and  2  cm.  wide,  and  graduated  into 
0'2  cm.  in  units  of  capacity. 

By  means  of  a  long  funnel  fill  the  vessel  A  with  urine,  close  the  tap,  and 
wash  every  trace  of  urine  out  of  B.  Place  0  in  position,  fill  B  with  a 
freshly-prepared  solution  of  hypobromite,  and  place  a  concentrated  solution 
of  common  salt  in  C  to  the  depth  of  i  cm.  FiU  D  also  with  the  salt 
solution,  avoiding  the  presence  of  air-bubbles.  Insert  J)  over  B.  Open  the 
,  tap  when  the  hypobromite  mixes  with  the  urine  and  the  gases  are  evolved. 
The  quantity  01  urea  is  calculated  from  the  volume  of  N  evolved. 

10.  Gerrard's  apparatus  (fig.  64). 

Method  of  using. — Pour  into  the  tube  5  c.c.  of  the  urine,  and  in  the 
bottle  (a)  25  c.c.  or  6  fluid  drachms  of  sodium  hypobromite  solution. 
Place  the  tube  carefully  inside  the  bottle,  as  shown  in  the  illustration, 
avoiding  spilling  any  of  the  contents.  Fill  the  glass  tubes  (h,  c)  with 
water,  so  that  the  level  reaches  the  zero-line,  taking  care  that  when  this  is 
done  the  tube  (c)  contains  only  a  little  water  by  being  placed  high — it 
having  to  receive  what  is  displaced  from  (6)  by  the  nitrogen  evolved.  Now 
connect  the  india-rubber  tubing  to  the  bottle,  and  noting  lastly  that  the 
water  is  exactly  at  zero,  upset  the  contents  of  the  tube  into  the  hypo- 
bromite solution.  Nitrogen  is  evolved,  and  depresses  the  water  in  (6). 
When  this  ceases,  lower  (c)  until  the  level  of  the  water  in  both  tubes  is 
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equal.     To  be  exact,  dip  (a)  into  eold  water  to  cool  the  gas  before  takine  a 
reading,  and  note  the  result,  which  shows  percentage  of  urea. 


Kg.  63.— Hufner'a  urea  apparatus. 

The  solution  of  hypobromite  of  soda  is  made  by  dissolving  100  grma.  of 
caustic  soda  in  250  c.c.  of  water,  then  adding  22  0.0.  of  bromine. 

To  avoid  the  danger  of  the  bromine  vapour,  the  bromine  is  sold  in 
hermetically  sealed  glass  tubes,  containing  2-2  0.0. ;  one  of  these  placed  in 
the  large  bottle  with  25  c.c.  of  the  soda  solution  gives,  when  broken  with 
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a  sharp  shake,  the  exact  quantity  of  hypobromite  for  one  estimation  of 
urea,  and  all  bad  odour  is  avoided. 

11.  Other  forms  are  used  in  the 
French  schools,  and  a  special  form 
is  used  in  Vienna.  It  has  recently 
been  described  by  I.  Walker  Hall 
[Med.  Chronicle,  1899). 

12.  Synthetic  preparation  ■  of 
urea.  —  Heat  coarsely  -  powdered 
ferrooyanide  of  potassium 
(reCy2.4KCy  +  3H2O,  about  250 
grms. )  over  a  fire  in  a  large  porce- 
lain vessel.  Stir  constantly,  and 
heat  until  the  whole  assumes  a 
white  colour,  and  the  larger  pieces 
when  broken  up  show  no  trace  of 
yellow.  If  it  be  overheated  the 
powder  becomes  brown.  The 
white  mass  is  finely  powdered  and 
mixed  with  half  its  volume  of  dry, 
•finely-powdered,  black  oxide  of 
manganese.  The  whole  is  heated 
in  a  black  metal  pot  in  a  draught 
chamber  until  it  begins  to  scintil- 
late, and  the  mass  becomes  doughy. 
The  mass  -is  heated  until  a  small 
portion  of  it,  when  dissolved  in 
water  and  after  aoidulation  with 
hydrochloric  acid,  is  no  longer 
rendered  blue  by  ferric  chloride. 
Cool  and  extract  with  cold  water, 
and  add  to  the  solution  dry  am- 
monium sulphate  to  the  extent  of 

three-fourths  of  the  weight  of  potassic  ferrooyanide  used.  Filter,  evaporate 
on  a  water-bath  at  about  60°  to  70°  C.  (at  which  temperature  ammonium 
cyauate  passes  into  urea).  At  first  potassic  sulphate  crystallises  out ; 
remove  it  from  time  to  time.  Lastly,  evaporate  to  dryness,  and  extract 
the  urea  from  the  residue  by  absolute  alcohol.  The  urea  crystallises  from 
the  alcoholic  solution  at  a  moderate  temperature  {Drechsd). 


Fig.  64. — Gerrard's  urea  apparatus,  as  made 
by  Gibbs,  Cuxson  &  Co.,  Wednesbury. 
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TJBIC    ACID— URATES— HIPPTJBIC    ACID— 
KBEATININ— PIGMENTS. 

1.  Uric  acid  (C^'EL^'Nfi^)  contains  33*33  p.c.  of  N,  and  as  a 
carrier  of  waste  N  in  the  urine  it  ranks  third — kreatinin  is 
second — carrying  off  3  p.c.  of  the  total  waste  N.  In  birds, 
reptiles,  amphibians,  and  insects  it  forms  the  chief  nitrogenous 
excretion.  The  proportion  of  urea  to  uric  acid  is  45  :  i.  It  is 
regarded  by  some  as  a  specific  decomposition  product  of  the 
nucleins,  and  of  those  containing  nucleinic  acid. 

2.  Quantity  and  solubility. — 0-5  grm.  (7  to  10  grains)  daily.  It  is  said 
to  be  increased  by  sodium  salicylate  and  in  most  cases  of  leukaemia,  and 
diminished  by  quinine.  It  is  dibasic,  colourless,  and  crystallises,  chiefly  in 
rhombic  plates,  and  when  the  obtuse  angles  are  rounded  the  "  whetstone" 
form  is  obtained.  It  often  crystallises  spontaneously  in  rosettes  from 
saccharine  diabetic  urine.  It  is  tasteless,  reddens  litmus,  is  very  insoluble 
in  water  (15,000  parts  of  cold  and  1900  of  warm  water),  insoluble  in 
alcohol  and  ether.  Its  low  solubility  is  important  clinically,  so  that  it 
occurs  frequently  as  a  deposit  in  urine.  In  the  urine  it  occurs  chiefly  in 
the  form  of  acid  urates  of  soda  (C5H2N4O3,  HNa)  and  potash. 

Its  amount  is  influenced  by  the  proteids  of  the  food,  but  to  a  much  less 
extent  than  urea;  {Bunqe). 


Urea. 

Kreatinin. 

Uric  Acid. 

Meat  diet, . 
Bread  diet. 

67  grms. 
21      „ 

2'l6  grms. 
0-96      „ 

1*40  grms. 
0-25      ,, 

3.  Preparation  (Heintz). — (a)  In  a  conical  glass  add  5  parts  of 
HCi  to  20  parts  of  urine;  keep  in  a  cool  place  for  24  hours. 
Yellow  or  brownish-coloured  crystals  of  uric  acid — visible  to 
the  naked  eye — are  deposited  on  the  sides  of  the  glass,  or  form 
a  pellicle  on  the  surface  of  the  fluid  like  fine  grains  of  cayenne- 
pepper.  Both  uric  acid  and  its  salts  (urates),  when  they  occur 
as  sediments  in  urine,  are  coloured,  and  the  colour  is  deeper  the 
more  coloured  the  urine.  The  slow  separation  of  the  uric  acid 
is  probably  due  to  the  presence  of  phosphatic  salts. 

(6)  Examine  the  crystals  microscopically.      They  are  chiefly 
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rhombic,  whetstone,  lozenge-shaped,  in 


Fig.  65. — Uric  Acid,  a,  Khombic'tables  (whetstone 
form) ;  &,  Barrel  fonn  ;  c,  Sheaves ;  d^  Kosettes 
of  whetstone  crystals. 


Fig.  66. — Uric  Acid,  a,  Rhomboidal,  truncated, 
hexahedral,  and  laminated  crystals ;  b,  Bhom- 
bic  prism,  horizontally  truncated  angles  of 
the  rhombic  prism  ;  c.  Prism  with  a  hexa- 
hedral basic  surface,  barrel  -  shaped  figure, 
prism  with  a  hexahedral  basal  surface ;  d, 
Cylindrical  figure,  stellate  and  superimposed 
groups  of  crystals. 


rosettes,  quadrilateral 
prisms,  &c.  They  are 
yellowish  in  colour,  al- 
though their  tint  may- 
vary  from"  yellow  to 
red  or  reddish-brown, 
depending  on  the  depth 
of  the  colour  of  the 
urine  (figs.  65,  66). 

(c)  They  are  soluble 
in  NaHO  or  KHO,  or. 
10  p.c.  piperazin  solu- 
tion (microscope). 
After  solution,  add 
HCl,  when  character- 
istic spindle  -  shaped 
crystals  separate. 

(d)  With  the  aid  of 
heat  dissolve  some  ser- 
pent's urine — which  is 
solid,  and  consists 
chiefly  of  ammonium 
urate  —  in  10  p.c. 
NaHO.  Add  water, 
and  allow  it  to  stand. 
Pour  off  the  clear  fluid, 
and  precipitate  the 
uric  acid  with  dilute 
hydrochloric  acid.  Col- 
lect the  deposit  and 
use  it  for  testing. 

(e)  Hopkins'  method 
(see  Lesson  XX.,  5). 

4.  Tests— (a)  Mur- 
exide  test. — To  uric  acid 
in  a  porcelain  capsule 
add  HNO3,.  and  heat 
gently,  taking  care  that 
the  temperature  is  not 
above  40°  C.  Disagree- 
able fumes  are  given 
off,  while  a  yellow  or 
reddish  stain  remains. 
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Cool,  and  bring  a  rod  dipped  in  ammonia  near  the  stain,  or 
moisten  it  with  ammonia,  when  a  pwrple-red  colour  of  mv/rexide, 
'C^B.^{T^'H.^'Sfi^,  appears. 

[The  uric  acid  is  oxidised  by  the  HNO3  to  alloxantin,  which  is  composed 
of  alloxan  and  dialuric  acid  (CO<CJtS~po-^^-^ — *-*-^)-  Ammonia  con- 
verts the  latter  into  dialuramide,  CO<^g~QQ>CH— NHj,  which  with 

alloxan  yields  purpuric  acid,  and  the  excess  of  ammonia  yields  purpurate 
of  ammonia  or  murexide.] 

(5)  Repeat  the  test,  but  act  on  the  residue  with  NaHO  or 
KHO,  when  a  violet -blue  colour — discharged  by  heat — is 
obtained.  The  latter  distinguishes  it  from  guanin  (p.  125).  When 
uric  acid  is  acted  on  by  HNO3,  alloxantin  (OgH4N^O.^)  is  formed, 
which,  on  being  further  heated,  yields  alloxan  (O^H^NjO^) ;  the 
latter  strikes  a  purple  colour — murexide — with  ammonia. 

(c)  Dissolve  uric  acid  in  liquor  potassse,  and  place  a  drop  on 
a  slide ;  add  HOI  or  HNO3  just  to  excess,  and  examine  with 
the  microscope  the  crystals  of  uric  acid  which  form — transparent 
rhombs  with  obtuse  angles,  dumb-bells,  or  rosettes. 

{d)  Dissolve  uric  acid  in  NaHO,  add  Fehling's  solution — or 
dilute  CuSO^  and  NaHO — and  boil  =  a  white  precipitate  of 
cupric  urate,  which  after  a  time  becomes  greenish. 

(e)  Schiff's  test. — Dissolve  uric  acid  in  a  small  quantity  of 
sodium  carbonate.  Place  a  drop  of  solution  of  AgNOj  on  filter- 
paper,  and  on  this  place  a  drop  of  the  uric  acid  solution.  A  dark 
brown  or  black  spot  of  reduced  silver  appears. 

(/)  Heat  sharply  uric  acid  in  a  test-tube.  It  blackens  and 
decomposes  into  ammonia,  hydrocyanic  acid  (recognised  by 
odour),  urea,  and  cyanuric  acid. 

(g)  To  uric  acid,  dissolved  with  addition  of  ammonia,  add  picric  acid  = 
copious  yellow  precipitate  (JaffS). 

(A)  To  uric  acid  as  in  {g)  add  the  magnesia  mixture  and  then  AgNOj  =  a 
gelatinous  precipitate  of  urate  of  silver  and  magnesia. 

(i)  Garrod'8  microscopic  test. — Add  6  to  8  drops  of  glacial  acetic  acid  to 
5  c.c.  urine  in  a  watch-glass,  put  into  it  a  few  silk  tlieads,  and  allow  the 
whole  to  stand  for  24  hours.  Prevent  evaporation  by  covering  it  with  a 
watch-glass.  Examine  the  threads  microscopically  for  the  crystals  of  uric 
acid,  which  are  soluble  in  KHO.  A  similar  reaction  may  be  carried  out 
on  a  microscopic  slide. 

5.  Estimation  of  uric  acid  {Hopkins'  method).— This  depends 
on  the  fact  that  uric  acid  is  completely  precipitated — as  ammo- 
nium urate — on  saturation  with  NH^Cl,  and  it  can  be  titrated 
in  warm  HjSO^  solution  ■vv^ith  KMnO^. 
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A.  (a)  Separation. — To  loo  c.c.  urine  in  a  beaker  add  about 
25  grms.  ammonium  chloride ;  stir  till  dissolved.  Add  2  c.c. 
strong  ammonium  hydrate — i.e.,  to  distinct  alkaline  reaction. 
Allow  the  mixture  to  stand  until  the  precipitate  of  ammonium 
urate  falls  (about  2  hours).  Filter,  using  vacuum.  After  com- 
plete separation  of  the  precipitate,  wash  the  precipitate  on  the 
filter  with  saturated  NH^Cl  solution,  and  then  dissolve  it  in 
weak  alkali  or  warm  water.  Add  a  little  HCl  and  the  uric 
acid  crystallises  out. 

(6)  Titration. — The  uric  acid  is  titrated  with  a  standard 
solution  (^KMnO^)  of  permanganate  of  potash.  The  precise 
details  are  omitted  here.*  Folin  has  somewhat  modified  the 
original  method. 

B.  For  clinical  work  the  following  modified  process  may  be 
adopted  : — The  yellowish  precipitate  on  the  filter  is  thoroughly 
washed  with  a  saturated  solution  of  (NH^)2S0^  to  remove  every 
trace  of  th  e  NH^Ol.  The  deposit  is  then  washed  into  a  vessel 
by  the  aid  of  a  jet  of  hot  water.  Add  a  little  carbonate  of  soda 
to  get  the  deposit  in  solution.  To  this  add,  when  cool,  20  c.c. 
HgSO^  =  evolution  of  heat.  Titrate  the  hot  acid  liquid  with 
a  one-twentieth  normal  solution  of  KMnO^  (I'S?^  grms.  per  litre) 
until  a  pink  colour — remaining  permanent  for  thirty  seconds — is 
obtained.  It  disappears  on  standing — i.e.,  uric  acid  is  oxidised 
by  the  permanganate  to  a  colourless  compound.  Read  ofi"  the 
c.c.  of  the  SS.  used.     Each  c.c.  =  o'oo375  grm.  of  uric  acid. 

Example. — Suppose  17 '5  c.c.  of  permanganate  solution  are  used: — 
I7'5  X  '0375  =  -065  grm.  of  uric  acid  in  100  c.c.  of  urine — i.e.,  0-065  p.e. 
If  the  patient  passes  1500  c.c.  urine  in  24  hours,  then  the  total  would  be 
0-065  >^  '5  =  °'97S  grm.  of  uric  acid. 

C.  This  is  sometimes  done  by  the  method  (3,  a),  but  it  is  not  accurate. 
JSaycvaffs  method  depends  on  the  formation  of  urate  of  silver,  which  is 
practically  insoluble  in  water  or  acetic  acid  (British  Medical  Journal,  1885). 
The  urate  of  silver  is  of  a  sHmy  nature  and  must  be  washed  on  an  asbestos 
filter.  The  titration  of  the  silver  compound  is  done  by  means  of  Volhard's 
ammoniiun  thio-cyaoaate  method  (Sutton's  Volumetric  Analysis,  5th  edit., 
1886,  pp.  116,  324). 

6.  Uric  acid  salts  (Urates,  "  Lithates  "). — Uric  acid  forms  salts 
(chiefly  acid),  with  various  bases,  which  are  soluble  with 
difficulty  in  cold,  but  readily  soluble  in  warm  water.  HCl  and 
acetic  acid  decompose  urates,  and  then  the  uric  acid  crystallises. 

Urine,  which  is  clear  when  passed,  may  on  standing  for  a 

time  become  turbid,  and  a  copious  reddish-yellow — sometimes 

like  pea-soup — or  purplish  precipitate  falls,  because  urates  are 

more  soluble  in  warm  water  than  in  cold.     When  there  is  only 

*  Joum.  0/ Path,  and  Bad.,  i.,  p.  451,  1893. 
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a  small  quantity  of  water  to  hold  the  urates  in  solution,  on 
the  urine  cooling  they  are  precipitated.  Their  occurrence  is 
favoured  by  an  acid  reaction,  a  concentrated  condition  of  the 
urine,  and  a  low  temperature.  Ammonium  urate  occurs  in 
ammoniacal  urine. 

The  urates  deposited  in  urine  consist  chiefly  of  sodic  urate 
mixed  with  a  small  amount  of  ammonium  urate. 

Urates  form  one  of  the  commonest  deposits  in  urine.  There  is  usually 
a  copious  precipitate,  varying  in  colour  from  a  light  pink  or  briok-red.  to 
purple.  They  occur  in  catarrhal  aflfeotions  of  the  intestinal  canal,  after  a 
■debauch,  in  various  diseases  of  the  liver,  in  rheumatic  and  feverish  con- 
ditions. They  frequently  occur  as  the  '■*  milky "  deposit  in  the  urine  of 
children.  Urates  constitute  the  "  lateritious "  deposit  or  "critical" 
deposit  of  the  older  writers.  Urates  frequently  occur  even  in  health, 
especially  when  the  skin  is  very  active  (in  summer),'  or  after  severe 
muscular  exercise  ;  when  much  water  is  given  off  by  the  skin  and  a  small 
quantity  by  the  kidneys.  The  following  are  the  formulae  of  the  more 
common  urates : — 

[Uric  acid, C5H4N4O3.] 

Acid  sodic  urate, C5H3N403N'a. 

Neutral  (normal)  sodic  urate,  .        .        .  C5H2N403Na2. 

Acid  ammonium  urate,     ....  C5H3N403(NH4). 

Acid  potassic  urate,  ....  C5H3N4O3K. 

Acid  sodium  urate  is  the  chief  constituent  in  a  deposit  of  "  urates." 

7.  Tests  for  "Urates"  or  "Lithates"  in  urine. — (a)  The 
deposit  is  usually  copious  =  yellowish-pink,  reddish,  or  even 
shading  into  purple  due  to  uro-erythrin.  The  deposit  moves 
freely  on  moving  the  vessel,  and  its  upper  border  is  fairly  well 
defined. 

(5)  Heat  gently  the  upper  stratum  of  the  turbid  urine.  It 
becomes  clear,  and  on  heating  the  whole  mass  of  fluid  it  also 
becomes  clear,  as  the  urates  are  dissolved  by  the  warm  liquid. 

(c)  To  some  of  the  deposit  on  a  glass  slide  add  a  drop  of  HCl. 
Uric  acid  is  deposited  in  one  or  more  of  its  many  crystalline 
forms.     (Microscope). 

(d)  Microscopic. — The  urates  are  generally  "  amorphous,"  but 
urate  of  soda  may  occur  as  small  spheres  covered  with  spines, 
and  the  ammonium  urate,  as  spherules  often  united  together 
(fig.  70). 

(c)  Make  a  saturated  solution  of  lu-io  acid  in  NaHO.  Allow  a  drop  to 
evaporate  on  a  slide,  and  examine  it  microscopically.  Urate  of  soda  in  the 
form  of  spheres  covered  with  spines  will  be  obtained. 

{/)  The  same  result  as  in  (e)  is  obtained  by  dissolving  the  ordinary 
deposit  of  urates  in  caustic  soda,  and  allowing  some  of  it  to  evaporate  on  a 
slide. 
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8.  Urio  acid  from  serpent's  excrement. — This  consists  of  acid  urate 
of  ammonium  without  pigment.  Heat  the  powdered  excrement  in  a 
porcelain  vessel  with  15  to  20  vols,  of  water  just  to  boiling,  add  carefully 
small  quantities  of  caustic  potash  or  soda  until  the  whole  is  dissolved  and 
there  is  no  further  odour  of  ammonia  given  off.  Filter,  and  saturate  the 
filtrate  with  CO2,  which  causes  at  first  a  gelatinous  and  then  a  finely-  • 
granular  precipitate  of  acid  alkaline  urate.  Separate  the  latter  by  syphon- 
ing off  the  fluid,  wash  it  with  small  quantities  of  iced  water,  place  it  in 
boiling  dilute  HCl,  and  boil  the  mixture  for  some  time.  After  it  cools,  urio 
acid  crystallises  out,  the  latter  is  washed  with  cold  water  and  dried. 

9.  Quadriurates. — According  to  Roberts  these  are  the  normal 
urates  in  urine.  They  tend  to  break  up  in  water  into  acid 
urates  and  uric  acid.  This  result  is  prevented  in  the  urine  by 
the  chlorides  and  phosphates. 

(a)  Add  water  to  a  trace  of  serpent's  urine  on  a  slide,  examine  micro- 
scopically, and  observe  small,  short  needles  of  uric  acid  and  granules  of 
ammonium  urate. 

(6)  Collect  a  deposit  of  urates  on  a  filter,  wash  with  absolute  alcohol, 
and  when  dry  examine  a  little  on  a  slide  microscopically,  after  adding 
distilled  water.  The  amorphous  granules  decompose,  and  yield  rhombic 
crystals  of  itfic  acid  (Roberts). 

(c)  Place  urine  in  a  test-tube  (add  a  drop  or  two  of  chloroform  to  prevent 
decomposition).  Cork.  After  a  few  days  crystals  of  urio  acid  are  deposited 
owing  to  the  influence  of  the  acid  phosphates. 

Deposit  or  Ukinaey  Urates      v.  Ukinaey  Phosphates. 

.1.  Usually  pink  or  reddish.     Pre-  i.  Always  white,  heavy-looking 

cipitated  when  urine  cools.     They  deposit, 
may  be  white  in  children. 

2.  Soluble  on  heating  below  boil-  2.  Not  soluble  on  heating.     , 
ing  point. 

3.  Insoluble  in  aoid.  3.  Soluble  in  acid. 

4.  Soluble  in  KHO.  4.  Not  soluble  in  KHO.     May  be 

increased. 

10.  Xanthin  or  nuclein  bases  are  closely  related  to  uric  acid. 

Hypoxanthin,      ....     C5H4N4O. 

Xanthin,     ' C5H4N4O2. 

Uric  acid C5H4N4O3. 

They  also  include  guanin  (CgHgNgO)  and  adenin  (C5H5N5),  and  are  some- 
times called  "alloxur"  or  "purin"  bases.  They  are  probably  derived 
from  nuclein.  They  occur  in  very  small  amoimt  in  the  urine,  and  seem 
to  be  greatly  increased  in  leukjemia  (see  Appendix). 

11.  Hippuric  acid,  OgHgNOj  (benzoyl-amido-acetic  acid  or 
benzoyl-glycin),  so-called  because  it  occurs  in  large  quantity  in 
horse's  urine  and  in  that  of  many  herbivora,  chiefly  in  the  form 
of  alkaline  hippurates  (sodium  hippurate).  It  belongs  to  the 
aromatic  series,  as  it  contains  the  benzene  nucleus,  like  phenol 
and  cresol.  Dissolves  readily  in  hot  alcohol,  but  is  sparingly 
soluble  in  water. 
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Quantity  in  man  '5  to  i  grm.  daily.  It  is  a  conjugate  acid,  which,  when 
boiled  with  alkalies  and  acids,  takes  up  water  and  splits  into  benzoic  acid 
and  glycin.  It  occurs  in  colourless  four-sided  prisms,  usually  with  two  or 
four  bevelled  surfaces  at  their  ends.  It  has  a  bitter  taste.  Benzoic  acid, 
oil  of  bitter  almonds,  benzamid,  oinnamic  acid,  and  toluol  reappear  in  the 
urine  as  hippuric '  acid.  The  benzoic  acid  unites  with  the  elements  of 
glyoocoll  (glycin),  and  is  excreted  as  hippuric  acid  in  the  urine. 

Benzoic  Acid.  GlycocoU.  Hippuric  Acid.         Water. 

C,He02     +     C2H5NO2     =     C9H9NO3     +     H2O. 

The  amount  is  increased  by  eating  pears,  apples  with  their  skins,  cran- 
berries, and  plums.  Nothing  is  known  of  its  clinical  significance.  It  seems 
to  be  formed  chiefly  from  the  husks  or  cuticular  structures. 

Tests  and  reactions.— (a)  Heat  crystals  in  a  dry  tube.  At 
first  they  dissolve  without  decomposition,  but  above  187°  0. 
oily  red  drops  are  deposited  in  the  tube,  while  a  sublimate  of 
benzoic  acid  and  ammonium  benzoate  are  given  off.  The  latter 
is  decomposed,  with  the  odour  of  ammonia  and  an  aromatic 
odour  of  oil  of  bitter 
almonds  (benzonitril, 
C5H5CN  and  CNH).  The 
red  colour  is  due  to  the 
decomposition  of  glycocoU 
or  glycin. 

(6)  Examine  colourless 
four  sided  prisms,  which 
are  insoluble  in  acetic  acid 
(fig.  67). 

(c)  Locke's  reaction.  — 
Heat  with  HNO3,  mix  the 
residue     with     sand,    and 

heat  to  dryness  =  odour  of  nitro-benzol  (CgH5N02). 
acid,  and  many  acids  of   the    aromatic   series,  give  a 
reaction. 

12.  Preparation  of  hippuric  acid. — (a)  Evaporate  loo  c.c.  of 
cow's  or  horse's  urine  to  one-sixth  its  bulk;  add  HOI,  and  set 
it  aside.  The  brown  mass  is  collected,  dried  between  folds  of 
blotting-paper,  redissolved  in  a  very  small  quantity  of  water, 
and  mixed  with  charcoal,  then  filtered  and  set  aside  to  crystallise. 
It  is  not  quite  pure  and  contains  a  brownish  colouring-matter. 

(6)  Boil  horse's  urine  with  milk  of  lime  =  a  copious  precipitate,  and 
alkaline  reaction.  Filter  off  the  bulk  of  the  precipitate  through  flannel, 
and  filter  again  through  paper.  Concentrate  the  filtrate  to  one-sixth  of  its 
volume  and  add  HCl  =  a  copious  precipitate  of  prismatic  crystals  of  hip- 
puric acid.  After  24  hours  decant  the  fluid  from  the  crystals,  redissolve 
|lje  latter  in  hot  water,  and  filter  through  animal  charcoal, 


Fig.  67.— Hippuric  Acid. 


Benzoic 
similar 
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13.  Kreatinin  (C^HyNgO)  is  related  to  kreatin  (C^HgNgOj)  of 
muscle,  and  seems  to  be  derived  chiefly  from  the  kreatin  in  the 
meat  of  the  food,  and  not  from  the  kreatin  in  the  muscles  of 
the  body.  If  kreatin  be  boiled  with  acids  or  with  water  for 
a  long  time,  it  loses  water,  and  becomes  converted  into  a  strong 
base — kreatinin. 

Quantity,  0*5  to  i  grm.  (7  to  15  grains),  so  that  it  ranks  second  as  the 
form  in  which  waste  N  is  excreted  by  the  urine.  Soluble  in  water  and 
alcohol ;  forms  colourless  oblique  rhombic  crystals  ;  unites  with  acids,  and 
with  salts,  chiefly  ZnClj.  The  kreatinin-zinc-chloride  is  used  as  a  micro- 
scopic test  for  its  presence.  Rare  as  a  deposit,  and  nothing  is  known  of  its 
clinical  significance.  Its  amount  is  increased  by  meat  diet,  but  with  a 
milk  diet  it  is  at  a  minimum. 


14.  Tests  for  kreatinin — (o)  Weyl's  Ust.—AAA.  a  very  dilute 
solution  of  sodium  nitro-prusside,  and  very  cautiously  NaHO 
=  a  ruby-red  colour,  which  is  evanescent,  passing  into  a  straw 
colour.     The  ruby  colour  fades  on  boiling,  and  if  while  boiling 

acetic  acid  be 
added,  Prussian 
blue  is  formed, 
but  the  colour 
struck  is  green. 
(6)  Jaffe's  test. 
— Add  to  10  CO. 
of  urine  some 
drops  of  satu- 
rated solution 
picric  acid,  and 
then  2  c.c. 
NaHd  =  deep 
red  colour., 

(c)  Kreatinin 
reduces  an  alka- 
line solution  of 
cupric  oxide — 
e.g.,  Fehling's 
solution  —  and 
might  be  mis- 
taken for  a  re- 
ducing sugar. 

(d)  Microscope. — It  forms  definite  crystalline  compounds  with 
ZnClj  (fig.  68)  and  HgOl2. 


Fig.  68. — Ereatinin-zinc-chloride.     a,  Balls  with  radiating 
6^  marks;  h,  Crystallised  from  water ;  c,  Karer  forms  from 
an^alcoholic  extract. 
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(e)  Ohermayer's  test. — Add  strong  HCl  and  ferric  chloride  (500  o.c.  to 
I  to  2  pts.  FejjCls),  and  shake  with  chloroform. 

(/)  The  injection  subcutaneously  of  o'l  grm.  neutral  sodium  oxalate 
in  a  dog,  next  day  and  for  several  days  gives  strongly  the  indigo  reaction. 
(E.  Hamaok,  Zeit.  f.  phyaiol.  Ckemie,  xxix.,  205,  1900.) 

15.  Preparation  of  faeatrnin. — (a)  Precipitate  250  c.o.  of  urine  with 
milk  of  lime,  and  filter.  Evaporate  the  filtrate  to  a  syrupy  consistence, 
and  extract  it  with  alcohol.  Filter,  and  to  the  filtrate  add  a  drop  or  two 
of  a  neutral  solution  of  ZnCLj,  and  set  the  vessel  aside.  After  a  time 
kreatinin-zinc-ohloride  (CiH^NjO,  ZnClj)  is  deposited  on  the  sides  of  the 
vessel.     (Microscope,  fig..  68.) 

(6)  To  half  a  litre  of  urine  add  baryta  mixture  until  no  further  pre- 
cipitation takes  place ;  filter,  and  evaporate  the  filtrate  to  a  thin  syrup 
on  a  water-bath  ;  add  to  this  an  equal  volume  of  alcohol,  and-  allow 
it  to  stand  for  24  hours  in  the  cold.  The  salts  separate ;  filter,  and 
to  the  filtrate  add  i  to  2  c.o.  of  a  concentrated  alcoholic  solution  of  ZnClj. 
Kreatinin-zinc-ohloride  separates  as  a  yellow  crystalline  powder.  After 
two  to  three  days  filter,  wash  with  alcohol,  dissolve  in  warm  water,  and 
decompose  it  by  boiling  for  half  an  hour  with  hydrated  lead  oxide  or 
carbonate  of  lead.  Filter  while  hot,  decolorise  the  filtrate  with  animal 
charcoal,  filter  again,  evaporate  to  dryness,  and  extract  the  kreatinin  from 
the  residue  with  alcohol  in  the  cold.  A  small  quantity  of  kreatinin  remains 
undissolved. 

16.  Pigments  of  the  urine. — (i)  Urochrome  is  now  regarded  as 
the  most  abundant  urinary  pigment.  It  is  a  yellow  pigment 
without  absorption  bands.  Garrod  has  separated  it  from  urine. 
The  urine  is  saturated  with  AmjSO^  and  filtered ;  the  pigment 
is  in  the  filtrate,  from  which  it  is  extracted  by  shaking  with 
alcohol.  It  is  probably  an  oxidation  product  of  urobilin 
[Thvdichwm,  1864]. 

(2)  Urobilin  was  formerly  regarded  as  the  principal  pigment,  but  normal 
urine  contains  very  little  urobilin.  A  chromogen  urobilinogen  is  present, 
which  when  exposed  to  air  yields  urobilin.  Add  to  urine  neutral  and  basic 
lead  acetate  =  a  precipitate  of  lead  salts,  which  carry  down  with  them  the 
colouring  matter,  leaving  the  solution  nearly  colourless.  Filter.  Extract 
the  pigment  from  the  filtrate  by  alcohol  acidulated  with  H2SO4.  Filter  = 
alcoholic  extract  of  deep  yellow  colour,  which  can  be  extracted  by  chloro- 
form. On  evaporation  of  the  chloroform  it  is  deposited  as  a  yellow-brown 
mass,  which  in  an  acid  solution  shows  with  the  spectroscope  one  absorption 
band  close  to  and  enclosing  F  at  the  junction  of  the  blue  and  green.  On 
adding  an  alkali  the  band  disappears  {MctcMunn).  Its  spectrum  and 
composition  are  practically  identical  with  choletebn,  CjgHijNjOa,  and  it  is 
regarded  as  an  iron-free  derivative  of  haemoglobin  on  the  supposition  that 
it  is  modified  bile-pigment  absorbed  from  the  intestinal  canal  and  excreted 
by  the  urine  \Jaff4,  1868]. 

(3)  Uroeiythrin  is  the  pigment  which  gives  the  pink  or  pinkish- 
red  colour  to  urates  or  "  lateritious  deposits  "  in  urines. 

(4)  Hsematoporphyrin  occurs  normally  in  exceedingly   small 
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amount,  but  after  the  use  of  sulphonal  it  is  greatly  increased. 
It  probably  exists  chiefly  as  a  chromogen. 

[Febrile  urobilin. — A  substance  of  this  nature  has  been  described. 
This  glres  the  dark  colour  to  urines  in  fever.  It  seems  to  be  a  less 
oxidised  form  of  urobilin,  is  isolated  in  the  same  way,  its  spectrum  shows 
the  band  near  F,  and  two  additional  bands,  one  near  D  and  one  between 
D  and  E.] 

(5)  Chromogens  in  urine. — Besides  those  of  urobilin  and 
hsematoporphyrin  there  are  the 

(6)  Indigogens  or  indigo-yielding  bodies. 

Indigo-forming  substance — Indoxyl  (Indioan). — This  is  derived  from 
indol,  CgHjN,  which  is  developed  in  the  intestinal  canal  from  the  pancreatic 
digestion  of  proteids,  and  also  from  the  putrefaction  of  albuminous  bodies. 
In  urine  it  is  a  yellow  pigment,  and  is  more  plentiful  in  the  urine  of  the 
dog  and  horse.  It  exists  in  urine  as  a  conjugated  sulpho-acid  salt  of 
potassium — viz. ,  as  indoxyl-sulphate  of  potassium  (C8HgNS04K). 

(a)  Jaffi's  test. — The  urine  must  be  free  from  albumin.  To  5  o.c.  urine 
add  5  o.c.  HCl,  whereby  indoxyl  is  liberated  from  the  sulphate.  Then  add 
cautiously  by  means  of  a  pipette  solution  of  hypochlorite  of  soda  or  bleach- 
ing powder  ( i  :  20),  when  a  blue  colour  appears.  Add  chloroform  ;  this 
absorbs  the  blue,  and  forms  a  layer  at  the  bottom. 

2C8HeNKS04  H-  0^    =   2KHSO4  +  CieHi„NA- 
Potassium  indoxyl  sulphate.  Indigo  blue. 

Weber's  test. — Heat  equal  volumes  of  urine  and  HCl.  Add  a,  little 
HNO3,  and  boil  =  violet  colour.  Cool ;  add  ether  and  shake.  The  ether^ 
bluisli — rises  to  the  surface,  while  the  rest  of  the  fluid  is  reddish-brown — 
indigo-red. 

(c)  Place  a  crystal  of  chlorate  of  potash  in  a  dry  tube,  add  urine,  and 
then  let  HCl  run  down  the  side,  whereby  the  urine  is  raised.  At  the 
junction  of  the  acid  and  urine  a  piu^ple  band  is  seen,  due  to  oxidation  by 
the  chlorate  in  the  presence  of  HCl. 

[See  A.  E.  Garrod,  "  Urinary  pigments  in  their  pathological  aspects," 
Lancet,  1900.] 

17.  General  reactions  for  urine  pigments. 

(a)  Add  to  normal  urine  a  quarter  of  its  volume  of  HCl,  and 
boil  =  a  pink  or  yellow  colour. 

(5)  Add  HNO3  =  a  yellowish-red  colour,  usually  deeper  than 
the  original  colour. 

(c)  Drop  into  2  volumes  of  H2SO4  1  of  urine.  The  mixture 
becomes'  more  or  less  garnet-red  it'  indican  be  present. 

id)  Add  acetate  of  lead  =  a  precipitate  of  chloride,  sulphate, 
and  phosphate  of  lead.  Filter ;  the  filtrate  is  colourless.  This 
substance  is  used  to  decolorise  urine  for  the  saccharimeter. 

(e)  Filter  urine  through  animal  charcoal  =  decolorised. 

(/)  With  a  dark  yellow  coloured  urine  perform  the  following  test : — 
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To  40  drops  of  m-ine  +  3  to  4  c.c.  of  strong  HCl  and  2  to  3  drops  of 
HNO3 ;  on  heating,  a  molet-red  colour  with  the  formation  of  true  rhombic 
crystals  of  indigo-blue  indicates  the  presence  of  indican. 

ig)  Test  for  Indican. — Mix  equal  volumes  of  urine  and  HCl,  add,  drop 
by  drop,  a  saturated  solution  of  chloride  of  lime  {i.e.,  bleaching  powder, 
wjiich  also  contains  hypochlorite  of  lime)  =  a  blue  colour.  Shake  up  with 
chloroform  and  the  blue  colour  is  absorbed  by  the  latter. 

The  pathological  pigments— bile,  blood,  &c.     (Lesson  XXII.) 

18.  Aromatic  compotinds  are  chemical  derivatives  of  the 
benzene  molecule,  CgHg.  Several  are  excreted  in  combination 
with  HgSO^,  and  constitute  conjugated  or  ethereal  sulphates.  The 
HjSO^  in  these  organic  combinations  forms  about  one-tenth 
of  that  excreted  in  the  urine  (Lesson  XVII.).  They  have  a 
certain  clinical  importance,  as  they  are  increased  in  several 
diseases  of  the  intestinal  canal,  and  as  they  arise  chiefly  Irom 
putrefactive  processes  in  the  intestine.  The  aromatic  organic 
bodies  so  formed  in  the  intestine — e.g.,  phenol,  kresol,  skatol — 
are  poisonous,  but  when  converted  into  ethereal  sulphates  they 
are  innocuous. 

19.  Phenol  (carbolic  acid),  CsHjO  (hydroxy-benzol),  occurs  in  the  urine 
as  phenol-sulphate  of  potassium,  CgHjO  -  SO3  -  OK.  There  is  a  corre- 
sponding salt  of  Cresol  (hydroxy  -toluol,  CjH^OH),  most  abundant  in  the 
urine  of  herbivora,  and  chiefly  in  the  form  of  para-cresol.  Add  H2SO4  to 
200  c.c.  urine  until  the  latter  contains  5  p.c.  of  the  acid.  Distil  as  long  as 
the  distillate  becomes  cloudy  with  bromine  water.  Test  the  distillate  as 
follows : — 

{a)  Bromine  water  =  precipitate  of  tri-bromo-phenol  (CjHjBrjOH) . 

(6)  Neutralise  and  add  neutral  ferric  chloride  =  violet  colour. 

(c)  Heated  with  MiUon's  reagent  it  gives  a  red  colour.  (See  also  p.  179). 

20.  Mucus. — A  trace  occurs  normally.  Collect  fresh  urine 
in  a  tall  conical  vessel,  and  allow  it  to  stand ;  fine  clouds 
("mucous  clouds")  like  delicate  cotton-wool  appear.  These 
consist  of  mucus  entangling  a  few  epithelial  scales. 

(a)  If  the  urine  contain  an  excess  of  mucus,  on  adding  a  satu- 
rated solution  of  citric  acid  to  form  a  layer  at  the  bottom  of  the 
test-tube,  a  haziness  at  the  line  of  junction  of  the  urine  and  acid 
indicates  mucus.  There  is  no  deposit  with  healthy,  freshly-passed 
urine.     Citric  acid  is  used  because  it  is  heavier  than  acetic. 

21.  Ferments. — Urine  contains  pepsin.  Some  observers  state 
that  it  also  contains  trypsin  and  a  sugar-forming  ferment ;  but 
the  latter  statement  is  denied. 

(a)  Place  in  morning  urine  fresh  washed  and  boiled  fibrin, 
which  absorbs  the  ferment  (2  hours).  Digest  the  fibrin  with 
o'2  p.c.  HCl  at  40°  0. ;  the  fibrin  is  dissolved  and  peptones  are 
formed.     Test  for  the  peptones  by  the  biuret  reaction. 
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22.  Beactlous  of  normal  urine  towards  reagents. 

(i)  Add  5  0.0.  of  HCl  to  lOO  of  urine.  After  24  hoiirs  crystals  of  urio 
aoid  separate  out. 

(2)  Add  NaHO  or  NH4HO  =  precipitate  of  phosphates  of  the  alkaline 
earths,  partly  in  an  amorphous  state,  partly  in  aoicular  crystals. 

(3)  Acidulate  with  NHO3  and  heat  with  phospho-molybdio  acid  =  blue 
coloration  due  to  urates. 

(4)  Add  mercuric  nitrate = white  cloudiness,  which  disappears  on  shaking. 
This  is  a  precipitate  due  to  the  formation  of  sodium  nitrate  and  mercuric 
chloride  (Hg(N0g)2  +  2NaCl  =  2NaN'03  +  HgClj),  soluble  in  acid  urine. 
After  all  the  NaCl  is  decomposed — but  not  till  then — a  permanent  preci- 
pitate, a  compound  of  urea  and  the  mercury  salt,  forms. 

(5)  Silver  nitrate  =  white  precipitate  of  AgCl  and  Ag3P04 ;  the  latter 
falls  first,  and  afterwards  all  the  silver  combines  with  the  chlorine.  The 
precipitate  is  insoluble  in  NHO3,  but  soluble  in  NH4HO. 

(6)  Barium  chloride  =  white  precipitate  of  BaS04  and  Ba3(P04)2. 

(7)  Lead  acetate  =  whitish  precipitate  of  PbS04,  PbClj,  Pb3(P04)2,  and 
the  pigments. 

(8)  Ferric  chloride  after  acidulation  with  acetic  acid  =  precipitate  of 
Fe^lPOJa. 

(9)  An  ammoniacal  solution  of  cupric  oxide  is  decomposed  and  decolor- 
ised at  the  boiling-point  by  the  urates. 

(10)  Tannic  aoid  =  no  precipitate  {KruJienberg). 

23.  Average  amount  of  the  several  urinary  constituents 
24  hours  by  a  man  weighing  66  kilos. — Parkes. 

Grms. 


Total  solids,     . 

72 

Organic  solids — 

Grms. 

Inorganic  solids — 

Grms. 

tJrea,          .         .         .         . 

33-18 

Sulphuric  acid,  . 

2-OI 

Uric  acid,  .... 

■ss 

Phosphoric  acid, 

316 

Hippuric  aoid,   . 

•40 

Chlorine,    . 

7-00 

Kreatirdn, . 

•91 

Ammonia, . 

077 

Pigment  and  other  sub-  \ 
stances,           . .       .        J 

lO'OO 

Potassium, 
Sodium, 

2-50 
11-09 

Calcium,     . 

0-26 

Magnesium, 

0-2I 

LESSON   XXI. 
ABTfOBMAL    CONSTITUENTS— ALBUMIN. 


Some  of  the  substances  referred  to  are  present  in  excessively 
minute  traces  in  normal  urine — e.g.,  sugar;  and  in  the  urine  of 
a   certain   percentage   of  persons   apparently   enjoying   perfect 
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health,  minute  traces  of  albumin  are  sometimes  present.  When, 
however,  these  substances  occur  in  considerable  quantity,  then 
their  presence  is  of  the  utmost  practical  and  diagnostic  value, 
and  is  distinctly  abnormal.  Practically,  healthy  urine  contains 
no  proteids. 

1.  Albumin. — When  albumin  occurs  in  notable  quantity  in 
the  urine,  it  gives  rise  to  the  condition  known  as  albuminuria. 
One  of  the  most  frequent  causes  of  its  appearance  is  disease  of 
the  kidneys  (Bright's  disease).  This  so-called  "  albumin  "  of  the 
urine  is  most  frequently  a  mixture  of  serum-albumin  and  serwm- 
glohulin.  [Other  proteids,  albumose,  peptone,  &c.,  may  be  found.] 
The  admixture  of  albuminous  fluids  with  the  urine  is  here 
excluded.  As  regards  the  amount  of  albumin  that  may  be 
present  pathologically  {Tappeimer),  a  small  amount  is  ci  p.c. 
(under  2  grms.  daily),  moderate  0-5  p.c.  (8  grms.),  large  0'5  to 
I  p.c.  (8  to  15  grms.).  Albuminous  urine  is  not  unfrequently 
of  low  S.G.,  and  froths  readily  on  shaking. 

2.  Tests. — The  urine  must  be  clear  before  testing  (filter). 

{a)  Coagulation  hy  heat. — If  the  urine  is  acid,  place  10  c.c.  in 
a  test-tube  and  boil.  Near  the  boiling-point,  if  albumin  be 
present  in  small  amount,  it  will  give  a  haziness ;  if  in  large 
amount,  a  distinct  coagulum.  On  standing,  the  coagulum  is 
deposited.  Some  prefer  to  boil  the  top  of  a  long  column  of 
urine  in  a  test-tube.  If  the  urine  be  acid,  then  any  haziness 
formed  is  readily  seen  against  the  clear  subnatant  fluid.  If  the 
urine  is  alkaline,  acidify  with  a  few  drops  of  dilute  acetic  acid, 
then  boil. 

Precautions. — (i. )  Always  test  the  reaction  of  the  urine,  for  albumin  is 
only  precipitated  by  boiling  in  a  neutral  or  acid  medium.  Hence  if  the 
urine  be  alkaline,  boiling  will  not  precipitate  any  albumin  that  may  be 
present,  (ii. )  Boil  the  upper  stratum  of  the  fluid  first  of  all,  holding  the 
tube  obliquely,  taking  care  that  the  coagulum  does  not  stick  to  the  glass, 
else  the  tube  is  liable  to  break,  (iii. )  Heat,  by  driving  off  the  GOj,  also 
precipitates  earthy  phosphates  if  they  are  present  in  large  amount,  hence 
a  turbidity  on  boiling  is  not  suflBcient  proof  of  the  presence  of  albumin. 
The  points  of  distinction  are  that  albumin  goes  down  before  the  boiling- 
point  is  reached  (coagulated  at  75°  C),  while  phosphates  are  precipitated 
at  the  boiling-point.  Again,  the  phosphatio  deposit  is  soluble  in  an  acid — 
e.g.,  acetic  or  nitric — while  the  albuminous  coagulum  is  insoluble  in  these 
fluids. 

(6)  If  the  urine  is  alkaline  acidulate  with  a  little  dilute  acetic 
or  nitric  acid,  and  then  boil.    If  nitric  acid  be  used,  add  one-tenth 
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to  one-twentieth  of  the  volume  of  urine ;  or  boil  the  suspected 
urine,  add  HNO3  (5  to  10  drops)  till  the  reaction  is  strongly  acid. 
If  a  precipitate  appears  on  adding  the  acid,  or  if  a  precipitate 
already  formed  does  not  disappear,  then  albumin  is  present. 

Precautions. — If  the  urine  contain  only  very  minute  traces  of  albumin, 
the  latter  may  not  be  precipitated  if  too  much  nitric  acid  be  added,-  as  the 
acid  albumin  is  kept  in  solution.  If  too  little  acid  be  added,  the  albumin 
may  not  be  precipitated,  as  only  a  part  of  the  basic  phosphates  are  changed 
into  acid  phosphates,  and  the  albumin  remains  in  solution  as  an  albuminate 
(a  compound  of  the  albumin  with  the  base).  On  heating  the  urine  of  a 
person  who  is  taking  copaiba,  a  deposit  may  be  obtained,  but  its  solubility 
in  alcohol  at  once  distinguishes  it  from  coagulated  albumin.  This  test  acts 
with  serum-albumin  and  globulin,  and  if  the  deposit  occurs  only  after 
cooling,  also  with  albumose,  but  not  with  peptone. 

(c)  Heller's  cold  nitric  acid  test  (Ring  test). — Place  15  c.c.  urine 
in  a  conical  test-glass ;  incline  it,  and  pour  slowly  down  its  side 
strong  HNO3  =  a  white  cloud  at  the  line  of  junction  of  the 
fluids.  Or,  better  still,  add  10  c.c.  pure  HNO3  by  means  of  a 
pipette  which  is  carried  to  the  bottom  of  the  conical  glass,  where 
the  acid  is  slowly  allowed  to  escape  by  diminishing  the  pressure 
of  the  finger  on  the  end  of  the  tube  or  pipette  {Simon).  This 
is  also  a  useful  method  of  applying  HNOg  in  connection  with 
colour  tests  in  urine. 

Precautions. — A  crystalline  deposit  of  urea  nitrate  is  sometimes^  though 
very  rarely,  obtained  with  a  very  concentrated  urine,  and  after  ^ome  time. 
It  may  be  prevented  by  previous  dilution  of  the  urine.  If  the  urine 
contain  a  large  amount  of  urates,  they  may  be  deposited  by  t>he  acid,  but 
the  deposit  in  this  case  occurs  above  the  fine  of  junction,  and  disappears 
on  heating.  It  is  not  obtained  if  the  urine  be  diluted  beforehand. 
Coloured  rings  occur,  especially  in  highly-coloured  urines,  <wing  to  the 
oxidation  of  the  urinary  pigments  by  HNOs.  These  rings  ave  readily 
distinguished  from  an  albuminous  cloud. 

(d)  Acidulate  lo  0.0.  of  urine  with  acetic  acid,  add  one-fifth  of  its  bulk 
of  a  saturated  solution  of  magnesium  or  sodium  sulphate,  and  boil  =  a  pre- 
cipitate. 

(e)  Acetic  acid  and  potassium  ferrocyanlde. — Acidify  strongly  with 
acetic  acid,  and  add  a  solution  of  potassium  ferrocyanlde  =  a  white  preci- 
pitate, varying  in  amount  with  the  albumin  present.  The  reaction  may 
be  done  as  follows  : — Mix  a  few  c.c.  of  moderately  strong  acetic  acid  with 
some  solution  of  potassium  ferrooyanide,  and  pour  this  over  some  urine  in 
a  test-tube  by  the  contact  method  {d).  The  presence  of  albumin  is  indi- 
cated by  a  white  deposit  in  the  form  of  a  ring  at  the  line  of  junction  of  the 
fluids.  A  solution  of  platino-potassium  cyanide  may  be  used  instead  of 
the  ferrocyanlde.  The  solution  of  the  former  is  colourless.  This  test  pre- 
cipitates serum-albumin,  globulin,  albumose,  but  not  peptone., 

(_/)  Picric  acid. — Use  a  saturated  watery  solution  by  the  con- 
tact method  of  Heller  (c).     The  urine  is  below,  and  the  picric 
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acid  on  the  top.  A  rapidly-formed  deposit  at  the  line  of  junction 
of  the  fluids  indicates  the  presence  of  a  proteid ;  the  deposit  is 
not  dissolved  by  heat. 

N.B. — Picric  acid  precipitates  all  forms  of  proteid  which  occur  in  urine. 
It  also  precipitates  mucin,  but  in  this  case  the  deposit  usually  forms  slowly 
and  after  a  time.  If  a  person  be  taking  quinine,  a  haziness  is  obtained  in 
the  urine  on  adding  picric  acid,  but  it  disappears  on  heating. 

(g)  Metaphosphoric  acid  completely  precipitates  albumin,  but  it  must 
be  freshly  prepared,  and  is  difficult  to  keep.     Hence  it  is  not  satisfactory. 

(A)  Acidulated  brine,  as  suggested  by  Roberts,  consisting  of  a  saturated 
solution  of  sodium  chloride  with  5  p.c.  dilute  HCl,  may  be  used,  but  it 
sometimes  gives  a  precipitate  with  normal  urine.  Nor  is  potassio-merciirio- 
iodide  satisfactory  ( Tanret).  In  case  of  doubt,  use  several  tests,  especially 
2  (6),  (c),  (e),  and  (/). 

(i)  Trichloracetic  acid  precipitates  albumin  in  urine. 

(j)  Salioyl-sulphonlo  acid  gives  a  white  precipitate  with  proteids,  which 
is  soluble  on  heating  in  the  case  of  albumose  and  peptone  (M'  William). 

3.  Dry  tests. — (a)  Use  the  ferrocyanic  pellets  introduced  by  Dr.  Pavy. 
(6)  Use  the  test-papers — citric  acid  and  ferrocyanide  of  potassium — intro- 
duced by  Dr.  OUver. 

4.  Globulinuria. — Serum-globulin  is  present  in  nearly  every 
albuminous  urine.     It  gives  the  reactions  described  under  2. 

(o)  Drop  the  urine  into  a  tall  glass  of  distilled  water,  and 
observe  if  a  milkiness  is  seen,  indicating  the  presence  of  a 
globulin.  This  body  is  insoluble  in  pure  water,  but  soluble  in 
weak  saline  solutions  (Lesson  I.,  II.),  hence  on  diluting  the 
urine  it  is  precipitated. 

(6)  Test  by  the  contact  method  with  a  saturated  solution  of 
MgSO,. 

(c)  It  is  precipitated  by  saturation  with  Am2S0^. 

If  globulin  be  present  along  with  serum-albumin  add  an  equal 
volume  of  a  saturated  solution  of  AmjSO^.  A  white  flocculent 
precipitate  indicates  globulin. 

5.  Albumosiuia. — The  albumoses  have  been  found  in  cases  of  osteo- 
malacia. If  such  a  urine  can  be  procured,  do  test  2  (6),  using  nitric  acid  ; 
the  deposit  only  takes  place  after  a  long  time  or  on  cooling,  and  in  fact  the 
urine  sometimes  becomes  almost  solid,  but  is  dissolved  by  heat.  If  there 
is  a  deposit,  filter  and  test  the  filtrate  for  proteid  reactions — e.g.,  the 
biuret  test."  It  will  give  a  precipitate  with  acetic  acid  and  potassic 
ferrocyanide.  Then  saturate  a  portion  of  the  urine  with  sodium  chloride, 
and  acidify  with  acetic  acid  =  a  precipitate,  which  dissolves  on  adding 
much  acetic  acid  and  heating,  and  reappears  on  cooling. 

6.  Peptonuria. — Peptone  may  be  present  in  albuminous  urine,  most 
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frequently  in  urine  in  oaaes  where  there  is  an  accumulation  and  breaking 
up  of  leucocytes  or  pus-corpuscles,  as  in  the  stage  of  resolution  of 
pneumonia  and  suppurative  processes.  Get  rid  of  the 
albumin  by  acidification  with  acetic  acid  and  boiling. 

{a)  Put  some  urine  in  a  test-tube,  and  by  the  contact 
method  pour  on  Fehling's  solution.  At  the  line  of  junction 
a  phosphatic  cloud  is  formed,  and,  if  peptones  be  present, 

fidl  above  it  a  rose-pink  colour.  If  albumin  also  be  present  a 
jJHI  violet  colour  is  obtained.  Albumoses  give  the  same  (pink) 
H        reaction, 


i 


Tig.  69. 
Esbach's  Tube. 


7.  Quantitative  pstimation  of  albumin.  —  This  can 
only  be  done  accurately  by  precipitating  the  albumin, 
drying  and  weighing  it;  but  as  this  is  a  tedious  pro- 
cess, and  requires  much  time,  it  is  not  suitable  for  the 
physician. 

8.  Esbaoh's  albuminlmeter  (fig.  69). — A.  Reagent. — 
Dissolve  10  grms.  picric  acid  and  20  grms.  dry  citric  acid 
in  800  c.c.  of  boiling  water,  and  make  up  the  solution  to 
a  litre.  It  precipitates  not  only  albumin  but  also  uric 
acid,  kreatinin,  peptones,  and  some  resinous  acids. 

B.  Process. — Pour  urine  into  the  tube  (6  inch 
X  I  inch)  up  to  the  mark  TJ,  then  the  reagent 
up  to  the  E.  Cork ;  mix  thoroughly  by  tilting 
the  tube  several  times.  Set  the  tube  aside 
(vertical)  for  24  hours,  and  then  read  off  on  the 
scale  the  height  of  the  coagulum.  The  figures 
indicate  grms.  of  dried  albumin  per  litre  of  urine 
— i.e.,  the  percentage  is  obtained  by  dividing  by 
ten.  If  the  amount  of  albumin  be  less  than  0-5 
grm.  per  litre,  it  cannot  be  accurately  estimated 
by  this  method. 


LESSON  XXII. 


BLOOD,    BILE,    AND    SUGAR    I3!f    ITRIHE. 

1.  Blood  in  urine  (Hsematuria). — The  blood  may  come  from  any 
part  of  the  urinary  apparatus. 

If  from  kidney  it  is  usually  small  in  amount  and  well  mixed  with  the 
urine,  and  the  microscope  may  reveal  the  presence  of  "  blood-casts" — i.e., 
blood-moulds  of  the  renal  tubules.  Large  coagula  are  never  found,  and  the 
urine  not  unfrequently  is  "  smoky."  From  the  bladder  or  urethra,  usually 
the  urine  is  red,  and  relatively  large  ooagula  are  frequently  present.  In 
all  forms  blood-corpuscles  are  to  be  detected  by  the  microscope,  and 
albumin  by  its  tests. 
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(a)  The  colour  may  vary  from  red  to  brown,  or  the  urine  may 
have  a  "  smoky  "  appeai-ance. 

(6)  Microscope. — Examine  any  deposit  for  blood-corpuscles. 
They  are  often  discoloured  or  misshapen. 

(c)  Spectrum. — HbOj  or  met-hsemoglobin  (Lesson  VI.). 

(d)  GuaiacvMi  teat  ( Alm^n's  test) . — Add  fresh  prepared  tincture 
of  guaiacum,  and  then  ozonic  ether ;  a  blue  colour  indicates  the 
presence  of  hsBmoglobin.     This  may  be  done  on  filter-paper. 

(e)  Heller's  blood  test. — ^Make  the  urine  strongly  alkaline  with  NaHO, 
and  boil.  On  standing,  a  deposit  of  earthy  phosphates,  coloured  red  or 
brown  by  heematin,  occurs,  the  deposit  carrying  down  the  altered  colouring- 
matter  of  the  blood  with  it.     This  is  not  a  satisfactory  test. 

(/)  The  urine  gives  the  reactions  of  serum-albumin. 

2.  In  haemoglobiuuria  the  urine  gives  the  same  reactions  as  in 
hsematuria,  but  no  blood-corpuscles  are  detected  by  the  micro- 
scope. 

3.  Bile. — Test  for  the  bile-pigments  and  bile  (salts),  e.g.,  in 
jaundice.     Bile-pigments  in  urine  constitutes  "  choluria." 

A.  Bile-pigments.  —  (a)  Colour.  —  The  urine  is  yellow  or 
yellowish-green,  and  the  urine  froths  readily  when  shaken. 
Filter  paper  dipped  into  it  gives  a  yellow  stain  on  drying. 

(6)  Chnelin's  test  (nitric  acid  containing  nitrous  acid). — (i) 
Place  a  few  drops  of  the  urine  on  a  white  porcelain  plate,  and 
near  it  a  few  drops  of  the  impure  nitric  acid;  let  the  fluids  run 
together  and  the  usual  play  of  colours  is  observed  (Lesson  XL). 
(2)  Add  impv/re  HJSIO3  to  urine  in  a  test-tube  until  it  forms  a 
stratum  at  the  bottom  ;  if  bile-pigments  be  present  at  the  line  of 
junction  of  the  fluids  a  play  of  colours  takes  place — from  above 
downwards — green,  blue,  violet  or  dirty  red,  and  yellow.  Nearly 
all  urines  give  a  play  of  colours,  but  green  is  the  necessary  and 
characteristic  colour  to  prove  the  presence  of  bile-pigments. 

(c)  Rosenbaah's  modification. — Filter  the  urine  several  times 
through  the  same  filter-paper  (Swedish),  dry  paper,  and  on  it  place 
impure  nitric  acid,  when  the  same  play  of  colours  is  observed. 

(d)  A  solution  of  methyl-violet  poured  on  icteric  urine  by  the  contact 
method  gives  a  bright  carmine  ring  at  the  point  of  contact. 

(c)  If  much  bile-pigment  be  present,  the  following  test  succeeds  : — Mix 
the  urine  with  caustic  potash  (l  KHO  to  3  water),  and  add  HCl.  The  fluid 
becomes  green,  due  to  the  formation  of  biliverdin. 

(/)  MarichcU  or  Trousseau  iodine  test. — On  freshly  passed  diluted  urine 
(if  not  fresh  heat  it)  pour  tincture  of  iodine  diluted  (i  in  lo)  with  alcohol. 
The  tincture  floats,  a  green  ring  at  the  junction  indicates  biliverdin. 

(g)  Extract  the  bile-pigment  with  chloroform  2  c.c.  to  a  test-tube  of  urine. 
Separate  the  chloroform,  add  an  equal  volume  of  water  and  a  little  NaHO, 
and  shake.   The  bile-pigment  becomes  soluble  in  water.   Apply  Gmelin's  test. 


170  PRACTICAI;  PHYSIOLOGY.  [XXII. 

{h)  Huppert's  test. — Precipitate  15  o.c.  urine  with  milk  of  lime  (or 
BaClj),  which  forms  salts  carrying  with  them  the  bile-pigment  =  yellowish 
precipitate.  Filter,  and  treat  the  precipitate  with  H2SO4  until  acid,  and 
absolute  alcohol.  Boil ;  the  sediment  parts  with  its  colour,  which  tinges 
the  fluid  green. 

(i)  SamTnarsien's  modification  of  Huppert's  test. — Mix  19  vols,  of 
25  p.c.  HOI  and  i  vol.  25  p.c.  HNO3.  Let  the  mixture  stand 
for  a  few  hours  until  it  becomes  yellow,  then  add  5  vols.  95  p.c. 
alcohol.  It  is  better  to  mix  the  alcohol  with  the  acid  just  before 
use. 

A  few  drops  added  to  a  urine  that  does  not  contain  other 
pigment  at  once  gives  the  characteristic  green. 

If  there  be  much  other  pigment  and  little  bile  add  a  few  drops 
of  BaClg,  and  centrifugalise  the  deposit.  Pour  off  the  fluid,  add 
the  reagent,  and  centrifugalise  for  half  a  minute.  Above  the 
nearly  colourless  deposit  is  a  green  ring.  It  is  said  to  detect 
-^  milligram  of  bilirubin  (Scand.  Arch./.  PJvys.,  ix.,  313). 

B.  Bile-acids  (glycocholic  and  taurocholic  acids — i.e.,  salts). 
— There  is  little  doubt  that  they  occur  in  the  urine  in  jaundice, 
but  in  so  small  an  amount  that  often  it  is  difficult  to  detect  their 
presence.    Usually  they  require  to  be  isolated  by  a  tedious  process. 

(a)  Pettenhofer's  test. — Add  to  urine  a  few  drops  of  syrap  of 
cane-sugar  (8  p.c),  mix,  and  pour  strong  HgSO^  down  the  side 
of  the  tube  until  it  forms  a  layer  at  the  bottom.  The  tempera- 
ture must  not  rise  above  70°  C.,  and  the  urine  must  not  contain 
albumin.  At  the  line  of  junction  a  cherry-red  or  purple-violet 
colour  indicates  the  presence  of  the  bile-acids.  Or  shake  the 
urine  and  syrup  to  get  a  froth ;  when  the  H2SO4  is  added  the 
froth  shows  the  colour.  N.B. — The  test  in  this  simple  form 
often  fails  with  urine ;  in  fact,  there  is  no  satisfactory  simple 
test  for  minute  quantities  of  these  acids  in  urine. 

(6)  Strasburger's  modification. — Dissolve  cane-sugar  in  the  suspected 
urine,  dip  filter-paper  into  it,  and  allow  this  to  dry.  Touch  the  paper  with 
a  glass  rod  dipped  in  strong  H3SO4,  a  purple-violet  colour  indicates  the 
presence  of  the  bile-pigmenta, 

(c)  Stdphur  test  of  M.  Hay. — ^Try  this  (Lesson  XI.  5).  See  Chauffard 
and  Gournaud,  Joum.  de  Phys.,  iii.,  461,  1901,  where  this  reaction  is 
ascribed  to  Haycraft.     It  should  be  Hay. 

4.  Sugar  in  urine  (glycosuria). — Briicke  maintains  that  the 
merest  trace  of  glucose  or  grape-suga/r  is  normally  present  in 
urine.  In  diabetes  mellitus,  however,  it  occurs  persistently  in 
considerable  amount,  and  is,  of  course,  then  quite  abnormal.  In 
large  quantity  it  is  easily  detected,  but  with  traces  this  may  be 
troublesome.     Do  not  depend  on  a  single  test.     Apply  several. 
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Characters  of  diabetic  urine. 

(i)  The  patient  usually  passes  a  very  large  quantity  (to  10,000 
CO.),  and  although  the  quantity  is  large 

(2)  The  specific  gravity  is  high — 1030  to  1045.  N.B. — When 
the  quantity  is  above  normal,  and  the  S.G.  is  1030,  suspect  the 
presence  of  grape-sugar. 

(3)  The  colowr  is  pale  straw,  from  the  dilution — not  diminu- 
tion— of  the  urine  pigments.  The  urine  may  be  somewhat 
turbid. 

(4)  It  has  a  peculiar  smell,  and  usually  froths  when  poured 
from  one  vessel  into  another. 

5.  Tests  for  grape  sugar. — In  all  cases  remove  any  albumin 
present — i.e.,  acidulate  with  acetic  acid,  boil,  and  filter. 

(a)  Moore's  teat,  — ^Add  an  equal  volume  of  NaHO  or  KHO,  and  boil  the 
upper  stratum  of  the  fluid.  If  much  sugar  be  present,  a  dark  sherry  or 
bistre-brown  colour  is  obtained  (due  to  the  formation  of  glucio  and  melassic 
acids),  according  to  the  amount  of  sugar  present.  This  is  not  a  delicatfe 
test. 

(6)  Trammer's  test. — Add  one-third  its  bulk  of  NaHO,  and  then 
&few  drops  of  5  p.c.  solution  of  OuSO^;  a  clear  blue  solution  of 
the  hydrated  oxide  is  obtained.  Boil  the  upper  stratum  of  the 
fluid.  If  sugar  be  present,  a  yellow  or  yellowish-red  ring  of 
reduced  cuprous  oxide  is  obtained. 

(c)  Fehling's  solution  is  alkaline  potassio-tartrate  of  copper 
(KjCuaC^H^Og).  Boil  Eehling's  solution  in  a  test-tube.  If  no 
discoloration  (yellow)  takes  place,  it  is  in  good  condition.  Add 
a  few  drops  of  the  suspected  urine  and  boil,  when  the  mixture 
suddenly  turns  to  an  opaque  yellow  or  red  colour,  indicating  the 
presence  of  a  reducing  sugar.  For  most  cases  no  other  test  is 
required.  It  is  better  perhaps  only  to  warm  and  not  to  boil 
the  Fehling  after  adding  the  urine.  Should  a  green  appear — no 
previous  precipitate  being  obtained  in  the  blue  fluid — after  the 
test  has  stood  for  some  time,  this  is  probably  due  not  to  glucose, 
but  to  some  other  reducing  agent. 

(d)  Bottger's  test. — Mix  urine  with  an  equal  volume  of  sodium  carbonate 
solution,  add  a  little  basic  bismuth  nitrate,  and  boil  for  a  short  time.  A 
grey  or  black  deposit  indicates  the  presence  of  a  reducing  sugar. 

(c)  Picric  acid. — Add  an  equal  volume  of  a  saturated  watery  solution  of 
picric  acid,  and  then  KHO.  Boil,  an  intensely  deep  red  or  reddish-brown 
colour,  due  to  picramio  acid,  indicates  a  reducing  sugar.  The  larger  the 
amount  of  sugar  the  deeper  the  tint. 

(/)  Phenyl-hydrazine. — Repeat  this  as  described  in  Lesson  III. 
This  is  a  reliable  test. 
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(i.)  The  simple  method  of  performing  the  phenyl-hydrazine  test 
(p.  22),  requires  only  2  minutes'  boiling,  and  gives  no  crystals 
with  normal  urine.     It  succeeds  even  when  much  albumin  is 


Fig.  70.— Yellow-coloured  Fhenyl-glucosazone 
Crystals  from  Diabetic  Urine  (  x  300). 

present.  It  gives  no  reaction  with  uric  acid,  kreatinin, 
hippuric  acid,  which  substances,  if  in  excess  in  urine,  may 
reduce  Fehling's  solution,  especially  if  the 
boiling  be  long  continued.  It  will  detect 
CO  1 5  p.c.  dextrose  in  diabetic  urine.  (R.  T. 
Williamson,  Medical  Chronicle,  Aug.,  1895,  ^"^^ 
Diabetes  Mellitus,  1898.) 

(ii.)  Newmamrfs  modification. — The  sensitive- 
ness of  the  test  can  be  regulated  by  using  a 
small  amount  of  phenyl-hydrazine  and  con- 
trolling the  strength  of  the  acetic  acid.  An 
excess  of  the  latter  delays  crystallisation. 

Place    5    o.c.  diabetic   urine   in  a  bulb-tube 
(fig.  71),  add  2  o.c.  of  50  p.c.  acetic  acid  satur- 
ated with  acetate  of  soda.    Evaporate — holding 
the  tube   nearly   horizontal — to   3  c.c.     Cool ; 
diminish  the  acidity  by  adding    NaHO,  but 
leave  the  fluid  still  acid.     Boil  and  allow  to 
Crystals    separate    out.      The     whole 
process  occupies  3  minutes. 
These  methods  bring  this  most  useful  test  well  within  the 
range  of  those  tests  capable  of  being  rapidly  carried  out  by  the 
practitioner.     (Walter  Hall,  Brit.  Med.  Journ.,  Feb.,  1901.) 
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Fig.  71.— Bulb  Test-   pool 
tube  for  Osazone  Test.  ^""^' 
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The  following  table  from  Williamson  gives  a  comprehensive  summary 
of  the  relative  values  of  the  chief  tests  employed  clinically : — 

I. — ^Fbhling's  Solution. 

\ 

No  reaction  =          SHght  reaction ;  other  diabetic  Marked  reaction  and 

no  sugar.                  indications  absent  (glucose,  other  indications  of 

lactose,  pentose,  uric  acid  in  diabetes  =  sugar, 
excess,  glycuronic  acid. 


II. — Phentl-htdeazine  (simple  method). 


No  reaction  =  no 
sugar.    Gives  no 

reaction  with  uric 
acid,  kreatinin. 


Reaction — ^yellow  crystals. 


Glucose,  crystals 
abundant. 


Glycuronic  acid, 
crystals  scanty  and 
smaller.     Patient 

generally  taking 
some  drug. 


I 


Lactose 

crystals, 

globular  with 

short  spines. 


III. — Feement  Ubine. 
\ 


Distinct  evidence  of  gas 
CO2  =  glucose. 


I 
No  gas. 

L_ 


Glucose  under 
o-i  ■ 


■r 


IV.-Fehling's  Test  (  ^1*^"^  ^"t^""^  °*  y«?'* 
after  I      ""^  ^4  hours,  urme 

FEKME^OKTES..!    ^rUn^/^W 


Glycuronic 

acid. 

I 


Lactose. 


/  StiU  reduces 

\  FehUng's  solution. 


ig)  Indigo-ca/rmine  test. — Add  sodium  carbonate  solution  and  indigo- 
carmine  solution  until  a  blue  colour  appears.  Boil,  and  a  yellow  colour  is 
obtained,  if  sugar  be  present,  owing  to  the  reduction  of  indigo-blue  to 
indigo- white.  Pour  the  fluid  into  a  cold  test-tube,  when  the  blue  colour  is 
restored,  a  play  of  colours  intervening  between  the  yellow  and  the  blue. 
This  is  not  a  satisfactory  test.     (Mulder's  test,  see  p.  20.) 

(A)  Repeat  Molisch's  test  (Lessons  I.,  II.,  III.).  ' 

The  consideration  of  occurrence  of  lactose  in  the  urine  of  some  women 
during  lactation  is  here  omitted,  as  well  as  what  is  called  "Alimentary 
glycosuria  "  and  the  occurrence  of  the  rare  pentoses. 

[Nltro-proplol  test  for  glucose  (p.  20).] 
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LESSON  XXIII. 
QUANTITATIVE  ESTIMATION  OP  SUGAR. 

1.  SaGOharimeter. — The  portable  form  made  by  Zeiss  is  convenient.     A 
coloured  urine  must  first  be  decolorised  by  acetate  of  lead  [Lesson  XX. , 

2.  Diabetic  urine.  Volumetric  analysis  by  Fehling's  solution. 
— lo  c.c.  Fehling's  solution  =  "05  grm.  of  grape  sugar.  This 
gives  accurate  results  only  when  a  small  percentage  of  sugar  is 
present,  hence  diluted  urine  is  used. 

(a\  Ascertain  the  quantity  passed  in  24  hours. 
(6)  Filter  the  urine,  and  remove  any  albumin  present  by 
boiling  and  filtration. 

(c)  Measure  accurately  •with  a  pipette  10  c.c.  of  Fehling's 
solution,  dilute  it  with  about  5  to  10  times  its  volume  of 
distilled  water,  and  {)lace  it  in  a  white  porcelain  capsule  on  a 
wire  gauze  support  under  a  burette.  [It  is  diluted  because  any 
change  of  colour  is  more  easily  observed.] 

(d)  To  5  c.c.  of  the  diabetic  urine  add  45  c.c.  distilled  water, 
and  place  the  diluted  urine  in  a  burette.  The  amount  abnormally 
present  may  vary  from  0*5  p.c.  or  less  to  4  to  5  or  even  8  or  10 
p.c.  ( =  500  grms.  per  day),  but  in  diabetes  it  usually  does  not 
exceed  4  p.c.  As  the  solution  to  be  tested  should  not  contain  more 
than  o'5  p.c.  of  dextrose  the  urine  must  be  diluted. 

(e)  FrelimMiary  estimation. — Boil  the  diluted  Fehling's  solu- 
tion, and  whUst  it  is  boiling  gradually  add  the  diluted  urine  from 
the  burette — stirring — until  all  the  cuprous  oxide  is  precipitated 
as  a  reddish  powder,  and  the  supernatant  fluid  has  a  straw-yellow 
colour,  not  a  trace  of  blue  remaining.  This  is  best  seen  when 
the  capsule  is  tilted.  It  is  not  advisable  to  spend  too  much  time 
in  determining  when  the  blue  colour  disappears,  as  it  is  apt  to 
return  on  cooling.  It  is  sometimes  difficult  to  determine  when 
all  the  blue  colour  has  disappeared.  The  following  process  is 
useful : — Filter  a  little  of  the  hot  fluid,  acidulate  with  acetic 
acid,  and  add  potassic  ferrocyanide.  If  copper  is  present  a 
brown  colour  or  precipitation  is  produced.  If  this  be  so,  add 
more  urine  until  no  brown  colour  is  produced. 
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{f)  Read  off  the  mimber  of  c.c.  oi  dilute  urine  employed.  If 
i8  c.c.  were  used,  this,  of  course,  would  represent  i"8  c.c.  of  the 
original  urine. 

(g)  Make  a  second  estimation,  using  the  data  of  the  first,  and 
in  this  case  run  in  at  once  about  i  c.c.  less  of  the  dilute  urine 
than  waiS  required  at  first. 

Example. — Suppose  the  patient  passes  8550  c.c.  of  urine,  then 

as  I -8  c.c.  of  urine  reduced  all  the  cupric  oxide  in  the  10  c.c.  of 

Fehling's  solution,  it  must  contain  0-5  grm.  sugar ;  hence 

o      o  8550  X  -05  .  ,   . 

i'8  :  8550  :  :  -05  .-.^^^ — ^ — ^  =  237*5  grms.  01  sugar  passed  in 
I  *8 

24  hours. 

N,B. — When  the  urine  contains  more  than 
I  p.c.  and  less  than  o"5  p.c.  of  sugar  the 
method  is  inaccurate.  If  the  urine  contains 
more  than  i  p.c.  of  sugar  dilute  it  accurately 
with  water  to  bring  its  strength  within  the 
limits  indicated  above.  The  second  estima- 
tion should  be  made  quickly. 

[Pavy's  modification  of  Fehling's  solution  is  some- 
times used.  In  it  ammonia  holds  the  copper  in 
solution,  so  that  there  is  no  yellow  or  red  precipitate 
formed,  as  the  ammonia  holds  the  oxide  in  solution. 
The  reduction  is  complete  when  the  blue  colour 
disappears.  10  c.c.  Pavy's  Fehling  =  i  c.c.  Fehl- 
ing  =  5  milligrams  of  dextrose.  For  the  modification 
of  the  apparatus  required  see  fig.  14.  It  is  iden- 
tical with  that  used  by  Bernard.     See  Appendix.'] 

3.  Picro-sacchariineter  of  G.  Johnson. 

Solutions  required. 

I.  Ferric  acetate,  the  colour  of  which  is  equal 
to  that  yielded  by  a  solution  of  sugar  containing 
J  grain  per  fluid  ounce. 

2.  Saturated  solution  of  picric  acid. 

3.  Liquor  potassae  (B.P.). 
(a)  Measure    I    fluid  drachm   of    urine    into   the 

boiling  tube,  add  30  minims  of  liquor  potassse  and 
80  minims  of  the  saturated  solution  of  picric  acid. 
Make  up  to  the  4-drachm  mark  on  the  tube  with 
distilled  water.     Boil  for  i  minute. 

(6)  Dip  the  tube  in  cold  water  to  cool  it.  The 
volume  must  be  exactly  4  drachms.  If  it  is  less,  add 
water ;  if  more,  evaporate  it.  If  the  colour  of  the 
boiled  liquid  is  the  same  as  that  of  the  ferric  acetate 
J-grain  standard,  or  paler,  the  urine  contains  i  grain 
of  sugar  per  fluid  oz. ,  or  less. 

(c)  Should  the  colour  be  dcurker  than  the  standard,  place  some  of  the 
boiled  liquid  in  the  graduated  stoppered  tube  (fig.  72)  to  fill  10  divisions  of 


Fig.  72. 
Ficro-saccharimeter. 
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the  scale,  while  the  stoppered  tube  affixed  to  the  former  is  filled  with  the 
SS.  of  ferric  acetate.  Fill  up  the  graduated  tube  with  distilled  water 
until  the  dark  red  liquid  has  the  same  colour  as  that  of  the  SS.  These 
tints  are  best  compared  in  the  flat-bottomed  tubes  supplied  with  the 
apparatus. 

(d)  Bead  off  the  level  of  the  fluid  in  the  saocharimeter,  each  division 
above  io  =  o-i  grain  per  fluid  oz.  Thus,  13  divisions  = '3  grain  per 
fluid  oz. 

(e)  If  more  than  8  grains  per  oz.  are  present  further  dilution  is  required. 
Full  instructions  are  supplied  with  the  apparatus. 

4.  Fermentation  method. — Sir  William  Roberts'  method  depends  on 
the  diminution  of  the  S.  6.  which  the  fluid  undergoes  during  fermentation. 
Every  degree  lost  in  the  S.  G.  corresponds  to  i  grain  of  sugar  in  a  fluid 
ounce.  Recently  a  modification  of  this  method  has  been  introduced  in 
Germany  under  the  title  of  Einborn's  fermentation  sacoharimeter  (fig.  73). 
Estimate  the  S.6.  of  the  urine,  which  is  diluted 
Ip^^  according  to  the  S.6.  as  follows  : — If  the  urine 

have  a 

S.G.  1018  to  1022,  dilute  it  \tdth  2  vols,  water. 
,,     1022  to  1028,        ,,        „       5  ,. 

„     1028  to  1038,        „        „     10 

Place  10  CO.  urine  in  the  apparatus.  Add  i 
grm.  of  yeast  to  the  urine  in  the  tube,  incline 
the  latter  until  the  fluid  flows  into  the  limb  of 
the  latter.  Let  the  apparatus  stand  at  the 
ordinary  temperature  for  15  hours,  and  then  the 
quantity  of  CO2  given  oflf  is  read  off.  The  scale 
on  the  tube  is  empirical,  and  indicates  directly 
the  percentage  of  sugar  in  the  urine. 

5.  Acme  sacohar-ureameter  (fig.  74). — This 
is  a  simple  apparatus  for  the  direct  estimation 
of  sugar  and  urea  in  urine — the  former  by  the 
fermentation  test,  the  latter  by  the  hypobro- 
mite  method. 


Fig.  73. — Einhorn's  fermenta- 
tion Baccharimeter. 


Sugar. — Measure  i  volume  of  the  urine  in  the  tube  so  marked,  and  pour 
it  into  the  bottle  a.  Wash  out  with  water,  and  add  to  the  urine.  Dilute 
further  with  water  if  the  urine  contains  much  sugar.  Acidify  the  xurine 
with  tartaric  acid  until  acid  to  test-paper  (J  to  i  p.c.  of  free  acid).  Add  a 
few  grains  of  yeast,  and  connect  up  the  apparatus.  The  measuring  tube  6 
is  filled  to  zero  with  a  saturated  solution  of  common  salt  (the  CO3  is 
soluble  in  water).  When  6  is  full  c  must  be  empty.  Place  the  whole  in  a 
moderately  warm  place — the  surrounding  temperature  should  be  such  as  to 
enable  it  to  rise  to  92°  to  94°  F.  When  the  fermentation  ceases — or  from 
time  to  time  during  the  time  of  fermentation — lower  c  until  the  levels  of 
brine  are  equal.     Allow  it  to  cool,  and  read  off  the  result. 

6.  Other  sugars  may  be  found  in  urine  abnormally — e.g.,  Lactose  in 
women  suckling  their  children,  and  in  some  rare  cases  pentoses  (C5H10O5), 
but  details  regarding  these  are  omitted  here. 

7.  GlycuroDlo  acid,  which  is  not  a  sugar,  is  sometimes  found  in  urine. 
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especially  after  the  use  of  such  drugs  as  chloral  and  chloijoform.  It 
reduces  FehUng's  solution,  but  does  not  ferment  with  yeast  (Lesson 
XV.,  6). 

8.  Acetone  (CsHgO  or  CH3COCH3)  very  frequently  occurs  in  the  urine 
in  Diabetes  mdlUiis,  more  especially  towards  the  termination^of  such  caacEt, 


Fig.  74.— Saochar-ureameter,  made  by  Messrs.  Gibbs,  Cuzson  &  Co.,  Wednesbury. 


also  in  some  cases  of  carcinoma  of  the  digestive  tract.  It  gives  rise  to 
"acetonuria."  The  urine  may  have  a  fruity  characteristic  odour.  It  is 
said  to  occur  normally  in  minute  traces.  Although  it  may  be  detected 
directly  in  the  urine,  as  it  is  a  volatile  body  it  is  better  to  distil  it  off  by 

12 
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the  simple  method  shown  in  fig.  75,  by  using  a  fractional  distillation 
tube.  .         ...     u 

Tests.— To  obtain  the  acetone,  acidulate  half  a  litre  of  urine  with  phos- 
phoric acid  to  prevent  frothing.  The  distillate  will  give  the  following 
reactions: —  .  ,.    .„  ^       jj  j.-     4. 

(a)  Iodoform  test  of  Gunning.— To  the  urme  or  distillate,  add  tincture 
of  iodine  and  ammonia  until  a  dark  precipitate  of  iodide  of  nitrogen  is 
obtained.  On  standing,  if  acetone  be  present,  the  colour  of  the  preci- 
pitate changes  to  yellow,  from 
the  formation  of  iodoform,  which 
is  recognised  by  its  smell  and 
crystals  (hexagons  and  stars). 
Sahli  specially  commends  this 
test  for  cUnical  purposes. 

(6)  Lieben's  iodoform  test.  — 
To  a  weak,  watery  solution  of 
acetone  or  urine  distillate  add 
solution  of  NaHO  and  then  solu- 
tion of  iodine  dissolved  with  the 
aid  of  potassio  iodide  (not  tinc- 
ture), warming  gently.  A  yel- 
low precipitate  of  iodoform  is 
obtained.  The  precipitate  is 
generally  described  as  forming 
hexagonal  plates  or  radiate  stars, 
but  I  have  generally  found  it  to 
be  amorphous  or  granular.  Other 
substances — e.g.,  alcohol — give 
the  iodoform  reaction. 

(c)  Smell  the  peculiar  ethereal 
odour  of  acetone. 

{d)  LegaPs  test. — Add  caustic 
soda  solution,  and  then  a  solu- 
tion of  freshly-prepared  sodium 
nitro-prusside  and  acetic  acid = a 
red  colour.  ' 

In  all  cases  employ  both  tests, 
but  they  only  give  a  decided 
reaction  in  urine  when  the  ace- 
tone is  in  considerable  amount. 
To  be  quite  certain  that  acetone  is  present,  a  considerable  amount  of  the 
urine  must  be  distilled,  and  the  tests  applied  to  the  distillate. 

9.  Aceto-acetlo  acid  or  di-aoetio  acid  is  found  in  certain  diabetic 
urines,  but  not  in  all. 

(a)  To  the  urine  add  ferric  chloride;  a  red  colour  is  obtained  if  this 
acid  be  present.  If  there  is  a  deposit  of  phosphates,  filter.  The  colour 
disappears  on  heating. 

If  a  diabetic  urine  containing  aceto-aoetic  acid  be  distilled^  this  acid  is 
decomposed,  and  acetone  is  obtained. 

10.  Carboliuia. — The  urine  is  generally  greenish-brown  or  greenish- 
black,  changing  on  exposure  to  air.  (Salol  gives  a  similar  result.)  The 
phenol  does  not  exist  as  such,  but  as  an  organic  compound.  The  colour  of 
the  urine  is  due  to  pyrocatechin  and  hydroquinone— derived  from  phenol — 


Fig.  75. — Apparatus  for  distillation  of  acetone. 
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which  become  oxidised.  The  condition  might  be  mistaken  for  bile  in 
urine,  but  it  does  not  give  Gmelin's  reaction. 

Phenol. — The  method  of  obtaining  phenol  from  its  compound  in  the 
urine  is  given  at  p.  163.     To  a  watery  solution  of  phenol — 

(a)  Add  ferric  chloride  =  a  bluish-violet  colour. 

(6)  Add  bromine  water  =  a  yellow  (or  rather  white)  precipitate  of  bro- 
mine compounds. 

(c)  Add  MiUon's  reagent  =  a  beautiful  red  colour  or  deposit.  This 
reaction  is  aided  by  heat. 

11.  Pyrocateohfii  is  sometimes  found  in  urine. 

(a)  To  a  dilute  solution  add  ferric  chloride  =  a  green  colour,  which 
becomes  violet  on  the  addition  of  sodium  bicarbonate. 

(6)  Add  ammonia  and  silver  nitrate,  which  gives  a  black  precipitate  of 
reduced  silver. 

12.  Salicylates  rapidly  pass  into  the  urine  and  appear  as  salicylic  and 
salicyluric  acids.  Add  perchloride  of  iron ;  filter  to  get  rid  of  precipitated 
phosphates.     Add  some  Fe^Clj  =  violet  colour. 

18.  Ehrlioh's  Diazo-Eeaotion. — Make  (A)  100  c.o.  of  a  5  p.c.  solution 
of  HCl,  and  add  i  grm.  sulphanilio  acid.  (B)  Sodium  nitrite  o'5  p.c. 
solution.  Mix  40  of  A  and  i  of  B  immediately  before  using.  Mix  with 
an  equal  volume  of  urine,  add  ammonia  so  as  to  form  a  layer  above 
the  urine  mixture.  In  certain  pathological  urines — that  of  typhoid  fever, 
and  some  cases  of  phthisis — a  red  colour  is  obtained.  The  nature  of  the 
body  giving  this  reaction  is  unknown,  but  it  is  related  to  bilirubin. 
(Modified  by  Simon). 
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URINARY   DEPOSITS— CALCULI— GENERAL 
EXAMINATION  OF  URINE. 

1.  Collecting  nrinary  deposits. — (i.)  Place  the  urine  in  a  conical 
glass,  cover  it,  and  allow  it  to  stand  for  12  hours.  Note  the 
reaction  before  and  after  standing.  With  a  pipette  remove 
some  of  the  deposit  and  examine  it  microscopically. 

(ii.)  Dr.  Harris  has  published  the  following  (Brit.  Med.  Joum.,  1894, 
vol.  i.,  p.  1356) : — The  urine  is  placed  in  a  tube  drawn  to  a  fine  point,  and 
fixed  in  a  vertical  position  in  a  clamp.  The  pointed  end  is  down,  and 
after  being  filled  it  is  corked  tight.  After  the  deposit  subsides  and  collects 
in  the  lower  pointed  end  of  the  tube,  a  small  quantity  of  it  may  be 
obtained  by  clasping  the  tube  with  the  warm  hand  or  by  pushing  in  the 
cork  slightly. 

(iii.)  Centrifuge. — The  rapid  sedimentation  of  urine  by  means 
of  a  small  centrifuge  has  proved  of  great  value.     By  means  of 
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a  hand  centrifuge  (figs.  76,  reduced  to  |,  and  77)  any  deposit  in 
urine  is  readily  collected  at  the  bottom  of  a  test-tube.  Add  some 
antiseptic  to  prevent  the  growth  of  bacteria — e.g.,  a  few  drops  of 
formol.     There  are  many  other  forms  of  centrifugal  machines 


Mg.  76.— Hand  centrlluge. 
Iia,utenschl^er,  Oranienburgerstrasse  54.     Berlin. 


Fig.  77.— High-speed  medical 
centrifuge. 


used  for  separating  urinary  sediments,  and  which  can  be 
adapted  as  "  hsematocrits."  Amongst  these  is  the  high-speed 
medical  centrifuge  (fig.  77)  made  by  Metzger,  and  sold  in  this 
country  by  Messrs.  R.  &  J.  Beck,  Ltd. 
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The  separate  revolving  arm,  called  a  haematoerit,  takes  the  place  of  the 
ordinary  test-tube  cradles,  and  carries  two  small  capillary  tubes  for 
sedimenting  blood  or  fluids  when  a  small  quantity  only  is  employed. 

The  hsematocrit  attachment  consists  of  a  metallic  frame  for  carrying  two 
graduated  capillary  blood  cylinders  or  other  tubes.  The  glass  tubes, 
seated  in  rubber  cushions,  are  held  in  position  securely  by 
spring  cups,  so  that  there  is  no  danger  of  losing  the  tubes 
during  rotation.  By  drawing  back  the  milled  heads  the 
tubes  are  instantly  released,  and  as  quickly  clamped  again 
into  position. 

Examining  blood  with  hsematocrit. — The  finger  of  the 
patient  is  thoroughly  cleansed  with  water,  and  then 
punctured  by  means  of  a  spear-pointed  needle.  The  first 
drop  of  blood  is  rejected,  and  a  second  drop  is  secured 
by  very  slight  pressure.  The  blood  is  then  drawn  by 
suction  into  the  blood  tubes,  and  placed  in  the  hematocrit 
frame,  revolved  forgone  minute,  making  5000  revolutions. 
The  rapidity  and  simplicity  of  this  process  is  apparent  at 
once.  The  blood  has  not  time  to  coagulate.  The  red 
corpuscles,  having  the  greatest  specific  gravity,  are 
thrown  to  the  distal  extremity  of  the  tube,  and  will 
occupy  about  one-half  of  the  tube  or  to  about  mark  50. 
The  white  corpuscles,  next  in  specific  gravity,  will  occupy 
a  position  between  the  red  corpuscles  and  the  liquor 
sanguinis,  which  is  found  in  the  proximal  end  of  the  tube, 
quite  clear  and  free  from  corpuscles. 

Examining  milk. — To  obtain  absolutely  reliable  test  of 
milk  the  graduated  milk  bottle  has  been  devised,  and  gives     '$. 
results  accurate  to  within  one-fifth  of  i  p.c.  of  fat. 

S  c.c.  of  the  sample  is  introduced  into  the  milk  bottle 
by  means  of  a  pipette,  i  c.c.  of  alcoholic  solution  No.  i 
is  added  and  shaken  by  hand.  Then  by  means  of  another 
pipette,  solution  No.  2  is  added  little  by  little  with  shak- 
ing, until  the  bottle  is  filled  to  the  neck.  It  is  then  placed 
in  the  centrifuge  and  whirled  from  i  to  2  minutes,  when 
the  fat  rises  to  the  top  in  a  clear,  yellowish  layer,  and 
can  be  read  off'  in  direct  percentages.  If  the  milk  should 
be  richer  than  5  p.c,  add  5  c.c.  of  water  to  5  c.c.  of 
milk,  mix  thoroughly  ;  take  5  c.c.  for  analysis  and  multiply 
the  result  by  two.     For  cream,  add  20jc.c.  of  water  to 


Fig.  78. — H8Dmatocrit  attachment.    B,  Milk  bottle. 


S  o.o. 
five. 


cream,  mix;  take  5  c.c.  for  analysis  and  multiply  the  result  by 


Solution  No;  I  consists  of  fusel  oil,' 37  parts  by  volume  ;  wood  alcohol,  13 
parts  by  volume ;  hydrochloric  acid,  50  parts  by  volume.  Solution  No.  2, 
sulphuric  acid,  S.G.  1*832. 
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The  centrifuge  is  also  used  for  bacteriological  examinations  and  for 
sputum.  Another  form  is  made  by  William  Petzoldt  of  Leipzig,  the 
driving  arrangement  being  a  pedal  attached  to  a  large  sewing-machine 
belt.    (Catalogue,  1897,  fig.  135.) 


Pig.  79. — Centrifuge.    Arranged  for  water-pressure. 

When  larger  quantities  of  fluid  have  to  be  dealt  with,  as  in  the  case  of 
the  separation  of  the  blood-corpuscles  in  blood-plasma,  a  centrifuge,  such 
as  Fig.  79,  driven  by  means  of  water-pressure  is  essential.  Its  motor 
power  is  unimportant  so  long  as  the  rate  of  revolution  is  obtained,  3000 
per  min. 

There  are  two  classes  of  deposits,  organised  and  iiTwrganised. 


ORGANISED  DEPOSITS. 


1.  Pus  (p.  183). 

2.  Blood  (p.  168). 

3.  Epithelium. 

4.  Benal  tube  casts. 


6.  Micro-organisms. 

7.  Elements  of  morbid  growths. 

8.  Entozoa. 
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2.  Pus  in  urine  (Pyuria)  produces  a  thick  creamy  yellowish-white  sedi- 
ment after  standing,  although  its  appearance  varies  with  the  reaction  of 
the  urine.  If  the  urine  be  acid  the  precipitate  is  loose,  and  the  pus- 
corpuscles  discrete ;  if  alkaline,  and  especially  from  ammonia,  it  forms  a 
thick,  tough,  glairy  mass.  The  urine  is  usually  alkaline,  and  is  always 
albuminous,  and  rapidly  undergoes  decomposition.  Pus  is  found  in  the 
urine  in  leucorrhoea  in  the  female,  gonorrhoea,  gleet,  cystitis,  pyelitis,  from 
bursting  of  an  abscess  into  any  part  of  the  urinary  tract,  &o. 

(a)  Donni's  teat. — Filter  off  the  fluid,  add  to  the  deposit  a  few  drops 
of  strong  solution  of  KHO :  the  deposit  becomes  ropy  and  gelatinous, 
and  cannot  be  dropped  from  one  vessel  into  another — due  to  the  formation 
of  alkali-albumin  ;  the  deposit  is  pus.  With  mueus  acted  on  by  KHO  the 
deposit  becomes  more  fluid  and  limpid,  clears  up,  and  looks  like  unboiled 
egg-white. 

(6)  Microsoopioally  pus-oorpuscles  are  seen;  add  acetic  acid,  they  show 
a  bi-  or  tri-partite  nucleus.     This  test  is  not  conclusive. 

(c)  Urine  containing  pus  gives  the  reactions  for  albumin,  while,  if  mucus 
alone  be  present,  it  gives  only  those  for  mucin. 


UNORGANISED   DEPOSITS. 


A.    In  Acid  Ueine. 

1.  Amorph(ma. 

(a)  Urates. — Solublewhenheated, 
redeposited  in  the  cold;  when  hydro- 
chloricacid  is  added  microscopic  crys- 
tals of  uric  acid  are  formed = urates. 

(6)  Tribasio  phosphate  of  lime. 
— Not  dissolved  by  heat,  but  disap- 
pears without  effervescence  on  add- 
ing acetic  acid.  It  is  probably  tri- 
basic  phosphate  of  lime  (Ca32P04). 

(c)  OH  globules.  —  Very  small 
highly  refractive  globules,  soluble  in 
ether  (very  rare). 

2.  CrystaUirie. 

(a)  Uric  acid.— Recognised  by  the 
shape  and  colour  of  the  crystals  and 
their  solubility  in  KHO. 

(6)  Oxalate  of  lime. — Octahedral 
crystals,  insoluble  in  acetic  acid  (fig. 
8o. 

(c)  Cystln(veryrare). — Hexagonal 
crystals,  soluble  in  NH4HO  (fig.  82). 


(d)  Leucln    and    tyrosin    (very 
rare).     (JFig.  83.) 

(e)  Cholesterin  (very  rare).    (Fig. 
40). 


B.  In  At.katjne  Ueine. 

I.  Amorphous. 

(a)  Tribasio  phosphate  of  lime 
dissolves  in  acids  without  efferves- 
cence. 

(h)  Carbonate  of  lime.  (See  (c) 
below.) 


2.  Crystalline. 

(a)  Triple  phosphate.— Shape  of 
the  crystals  (knife-rest  or  coffin-lid), 
soluble  in  acids. 

(6)  Acid  ammonium  urate.  — 
Small  dark  balls,  often  covered  with 
spines,  and  also  amorphous  granules 
(fig.  81). 

(c)  Carbonate  of  lime.  —  Small 
colourless  balls,  often  joined  to  each 
other ;  effervescence  on  adding  acids 
(microscope). 

{d)  Crystalline  phosphate  of 
lime. 

(e)  Leucinandtyrosin(veryrare). 
(Fig.  83.) 


184 


PRACTICAL  PHYSIOLOGY. 


[xxrv. 


3.  Urinary  calculi. 

They  are  composed  of  urinary  constituents  which  form  urinary  deposits, 
and  may  consist  of  one  substance  or  of  several,  which  are  usually  deposited 
in  layers,  in  which  case  the  most  central  part  is  spoken  of  as  the  "  nucleus." 
The  nucleus  not  unfrequeutly  consists  of  some  colloid  substance — mucus,  a 
portion  of  blood-clot,  or  some  albuminoid  matter — in  which  crystals  of 


(9 


Kg.  So.— Oxalate  of  lime.    Oota- 
hedra  and  hour-glass  forms. 


Fig.  8i.— Acid  urate  of  ammonium. 


Kg.  82.— Cystin. 


Kg.  83.— OS,  a,  Leucin  balls ;  6,  6,  Tyrosin  sheaves ; 
c,  Double  balls  of  ammonium  urate. 


oxalate  of  lime  or  globular  urates  become  entangled.  Layer  after  layer  is 
then  deposited.  In  certain  oases  the  nucleus  may  consist  of  a  foreign  body 
introduced  from  without.     Calculi  are  sometimes  classified  as  primoury  and 
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seccmdary;  the  former  are  due  to  some  general  alteration  in  the  composition 
of  the  urine,  whilst  the  latter  are  due  to  ammoniacal  decomposition  of  the 
urine,  resulting  in  the  precipitation  of  phosphates  on  stones  already  formed. 
This  of  course  has  an  important  bearing  on  the  treatment  of  calculous 
disorders.  Calculi  occur  in  acid  and  alkaline  urine.  A  highly  acid  urine 
favours  the  formation  of  uric  acid  calculi,  because  that  substance  is  most 
insoluble  in  very  acid  urine.  A  highly  alkaline  urine  favours  the  formation 
of  calculi  consisting  of  calcium  phosphate  or  triple  phosphate,  as  these  sub- 
stances are  insoluble  in  alkaline  urine. 

4.  Method  of  examining  a  calculus. 

(a)  Make  a  section ;  it  may  consist  of  one  or  more  substances  ; 
examine  it  with  the  naked  eye  and  a  portion  microscopically. 
(6)  Heat  some  to  redness  on  platinum  foil. 

A.  If  entirely  combustible,  or  almost  so,  it  may  consist  of  uric 
acid  or  urate  of  ammonium,  xanthin,  oystin,  coagulated  fibrin  or 
blood,  or  ureostealith. 

B.  If  incombustible,  or  if  it  leaves  much  ash,  it  may  consist 
of  urates  with  a  fixed  base  (Na,  Mg,  Ga),  oxalate,  carbonate,  or 
phosphate  of  lime,  or  triple  phosphate. 

5.  A.  Combustible. — Of  this  group,  uric  acid  and  urate  of 
ammonium  give  the  murexide  test. 

(i.)  Uric  acid  is  by  far  the  most  common  form,  and  constitutes 
five-sixths  of  all  renal  concretions.  Concretions  the  size  of  9, 
split-pea,  or  smaller,  may  be  discharged  as  gravel.  When  retained 
in  the  bladder,  they  are  usually  spheroidal,  elliptical,  and  some- 
what flattened ;  are  tolerably  hard ;  the  surface  may  be  smooth 
or  studded  with  fine  tubercles ;  the  colour  may  be  yellowish, 
reddish,  reddish-brown,  or  very  nearly  white.  When  cut  and 
polished,  they  usually  exhibit  a  concentric  arrangement  of  layers. 
Not  unfrequently  a  uric  acid  calculus  is  covered  with  a  layer 
of  phosphates,  and  some  calculi  consist  of  alternate  layers  of  uric 
acid  and  oxalate  of  lime.  Its  chemical  relations :  nearly  insoluble 
in  boiling  water ;  soluble  in  KHO,  from  which  acetic  acid  preci- 
pitates uric  acid  crystals  (microscopic) ;  gives  the  murexide  test 
(Lesson  XX.). 

(ii.)  Urate  of  ammoniom  calculi  are  very  rare,  and  occur 
chiefly  in  the  kidneys  of  children ;  they  form  small  irregular, 
soft,  fawn-coloured  masses,  easily  soluble  in  hot  water. 

(iii.)  If  it  is  combustible  and  gives  no  murexide  test,  it  may 
consist  of  xanthin — very  rare,  and  of  no  practical  importance. 
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(iv.)  Cystin  is  very  rare,  has  a  smooth  surface,  dull  yellow  colour,  ' 
which  becomes  greenish  on  exposure  to  the  air ;  a  glistening  fracture  with 
a  peouUar  soapy  feeling  to  the  fingers ;  soft,  and  can  be  scratched  with  the 
nail;  is  soluble  in  ammonia,  and  after  evaporation  forms  regular  micro- 
scopic hexagonal  plates  (fig.  82).  It  occurs  sometimes  in  several  members 
of  the  same  family. 

The  other  calculi  of  this  group  are  very  rare. 

6.  (A)  Group. — Murexide  test. 

It  is     /  Treat  the  original  powder  \  No  odour  =  Uric  acid. 

obtained  \  with  potash.  /  Odour  of  NH3  =  Ammanium  urate. 

The  residue  is  not  coloured,  but  becomes  yellowish-red\  _  y     ,1  • 
on  adding  caustic  potash ^—JLara  zn. 

The  residue  is  not  coloured  either  by  KHO  or  NH4HO  ;"| 

the  original  substance  is  soluble  in  ammonia,  and  V  =  Gyatin. 
on  evaporation  yields  hexagonal  crystals     .        .  J 

On  heating,  it  gives  an  odour  of  burned  feathers  :  the"| 

substance  is  soluble  in  KHO,  and  is  precipitated  }-=Proiei(i. 
therefrom  by  excess  of  HNO3      .         .         .        .J 

7.  B.  Incombustible. 

(i.)  Urates  (Na,  Ca,  Mg)  are  rarely  met  with  as  the  sole  con- 
stituent.    They  give  the  murexide  test. 

(ii.)  Oxalate  of  lime  or  mulberry  calculi,  so  called  because 
their  surface  is  usually  tuberculated  or  warty ;  are  hard,  dark 
brown,  or  black.  They  cause  great  irritation  of  the  urinary 
mucous  membrane.  When  in  the  form  of  gravel  the  concre- 
tions are  usually  smooth,  variable  in  size,  pale  grey  in  colour. 
Layers  of  oxalate  of  lime  may  alternate  with  uric  acid.  "When 
heated  they  blacken,  but  do  not  fuse,  and  then  become  white, 
being  converted  into  the  carbonate  and  oxide.  The  white  mass 
is  a,lkaline  to  test-paper,  and  when  treated  with  HCl  effervesces 
(COj).     Oxalate  of  lime  is  not  dissolved  by  acetic  acid. 

(iii.)  Carbonate  of  lime. — Eare  in  man ;  usually  multiple ; 
dissolve  with  effervescence  in  HCl ;  sometimes  crystals  occur 
as  a  deposit ;  and  they  are  common  in  horse's  urine. 

(iv.)  Basic  phosphate  of  lime  are  very  rare — white  and  chalky. 

(v.)  Mixed  phosphates  (fusible  calculi)  consist  of  triple- 
phosphate  and  basic  phosphate  of  lime.     They  indicate  that  the 
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urine  has  been  ammoniacal  for  some  time,  owing  to  decompo- 
sition of  the  urea.  They  are  usually  of  considerable  size,  and 
whitish.  When  triple-phosphate  is  most  abundant,  they  are 
soft  and  porous,  but  when  phosphate  of  lime  is  in  excess,  they 
are  harder.  A  whitish  deposit  of  phosphates  is  frequently 
found  coating  other  calculi.  This  occurs  when  the  urine  becomes 
ammoniacal,  hence  in  such  cases  regard  must  always  be  had  to 
the  condition  of  the  urinary  mucous  membrane.  Such  calculi 
are  incombustible,  but,  when  exposed  to  a  strong  heat,  fuse 
into  a  white  enamel-like  mass,  hence  the  name,  fusible 
calculi. 


8.  (B)  Group. 

(i.)    T/ie    substance    giiies    the    mv/rexide    reaction,    indicates 
v/rates. 

The  residue  is  treated  with  water. 


It  is  soluble,  and  ("Neutralise  ;  add  platlnio  chloride,  a  yel- 

the  solution  is-!     low  precipitate  . 

alkaline.  \  The  residue  yields  a  yellow  flame 

/■Ammonium  oxalate  gives  a  white  crys 
Scarcely  soluble ;       talline  precipitate 

the  solution  is    Ammonium  oxalate  gives  no  precipitate, 

scarcely     alka-      but  on  adding  ammonium   chloride 


line ;  soluble  in 
acetic  acid. 


[•  =  Potassium. 

=  Sodium. 
V  =  Calcium. 


sodium  phosphate,  and  ammonia, 
there  is  a  crystalline  precipitate  of 
triple-phosphate 


(ii.)  The  original  substance  does  not  give  the  m/wrexide  test. 
Treat  the  original  substance  with  hydrochloric  acid. 


It  dissolves  with  effervescence 


'It  dissolves  with  efifervescence 
(  It  melts. 
The  origi 


It  dissolves 
without  ef- 
fervescence. 

[Heat     the,  efferveso'nce 
•  originalsub-i  ^^S^^f Pff-i 


There  is  no 


J  stance,  and 
treat  it  with 
HCl. 


Heat  in  a 
capsule. 


nal  stone 

treated 

with  KHOv 

It  does  not" 

melt  on 

heating. 


Evolves 

NH3 
Evolves  no 

NH, 


{Calcium  carbonate. 
Magnesium  carb. 
Calcium  oxalate. 

>  =  Triple-phosphate. 

\  =  Neut.  calc.  phoap. 

=  Acid.  calc.phosp. 
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The  following  resume  by  Sahli  shows  the  chief  non-organised 
urinary  deposits : — 

Readily  soluble  on  heating — Urates. 

Not  soluble  on  heating : — 

(Phosphates — without  evolution  of  gas. 
Carbonates — ^with  escape  of  COj. 
^— f  ™}with  formation  of  crystals  of  uric  acid. 

Insoluble  in  (0^'^te  of  lime,  "Igoluble  in  HCl. 

acetic  acid    1  ^^'^^^'  ^yrosin,  XantMn,  OystmJ 
'    \^  Uric  acid,  insoluble  in  HCl. 

9.  General  examination  of  urine. 

(i.)  Quantity  in  24  hours  (normal  50  ozs.  or  1500  cc). 
(ii.)  Colour,  odour,  and  transparency  (if  bile  or  blood  be  sus- 
pected, test  for  them). 

(iii.)  Specific  gravity  of  the  mixed  urine,  normal  1015  to  1025. 
If  above  1030,  test  for  sugar. 

~  (iv.)  Reaction  (normally  slightly  acid ;  if  alkaline,  is  the  alkali 
volatile  or  fixed  ?) 

(v.)  Heat. 

(ffl)  If  turbid  and  becomes  clear  =  urates. 

(6)  If  it  becomes  turbid  =  earthy  phosphates  or  albuanin. 
Albumin  is  precipitated  before  the  boiling-point  is  reached 
(73°  *-'•)>  "while  phosphates  are  precipitated  about  the  boiling- 
point.  It  is  necessary,  however,  to  add  HN  O3,  which  dissolves 
the  phosphates,  but  not  the  albumin.  A  case  may  occur  where 
both  urates  and  albumin  are  present ;  on  carefully  heating,  the 
turbid  urine  will  first  become  clear  (urates)  and  then  turbid. 
The  turbidity  does  not  disappear  on  adding  HNOg  (albumin). 
Estimate  approximately  the  amount  of  albumin  present. 

(vi.)  Test  for  chlorides  with  HNO3  and  AgNOg  (if  albumin  be 
present,  it  must  be  removed  by  boiling  and  filtration). 

(vii.)  If  sugar  be  suspected,  test  for  sugar  (Trommer's  or 
Fehling's  test),  and  if  albumin  be  present,  remove  it. 

(viii.)  Test  for  albumin  (and  its  allies). — Heat  clear  urine. 
If  precipitate,  either  albumin  (globulin)  or  phosphates.  Add 
acetic  acid,  precipitate ;  dissolves  if  phosphates ;  if  not,  albumin. 

(ix.)  Make  naked-eye,  microscopical,  and  chemical  examina- 
tions of  the  sediment,  using  a  centrifuge  if  necessary. 
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The  following  scheme  modified  from  Novy  may  serve  as  a  basis 
for  a  report  on  a  given  sample  of  urine  : — 


Report  on  Examination  or  Ueinb,  No 

Received Reported  on 

Physical  and  Chemical  Examination. 

Total  quantity  in  24  hours 

Specific  gravity, Total  solids,..., 

Reaction '. Equivalent  to., 

Colour, Odour, 

General  appearance, 

Sediment,  colour  and  characters, Quantity, 


.^ 

•  s  ■ 

.11 

% 

3  . 

■s* 

3   . 

5* 

l3" 

?^ 

<y 

6^ 

G? 

Albumin, 

Bile  acids,  . 

Glucose, 

„    pigments,   . 

Urea,   .... 

Blqod, 

Uric  acid  (urates). 

Indoxyl,     . 

Oxalates,     ., 

Phenol, 

•  Chlorides,    . 

Acetone,     . 

Phosphates, 

Ammoniacal    fermen- 

Sulphates, total, . 

tation,     . 

,,          ethereal,    . 

Crystalline 

Sediment  organised — 


Microacopicai  Examination. 

Amorphous, , 

Signed 
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Exercises  on  the  foregoing. 

A.  The  student  must  practise  the  analysis  of  fluids  containing 
one  or  more  of  the  substances  referred  to  in  the  foregoing 
Lessons. 

No  hard  and  fast  rule  can  be  laid  down  for  the  examination 
of  the  fluids  met  with  in  physiological  work  at  all  comparable 
with  the  method  employed  in  inorganic  chemistry.  To  begin 
with,  the  student  must  be  largely  guided  by  the  physical 
characters — colour,  smell,  taste,  &c. — of  the  fluid  he  is  dealing 
with,  and  these  will  usually  give  him  a  clue  as  to  the  chemical 
tests  he  should  employ. 

N.B. — In  all  cases  concentrate  some  of  the  fluid  for  subsequent 
use  if  required,  and  complete  the  concentration  on  a  water-bath 
to  avoicj  overheating  or  charring. 

A  colourless  solution  should  be  examined  for  proteids  and 
carbohydrates  by  the  method  described  in  Lesson  IV.  Marked 
opalescence  indicates  milk  or  glycogen,  less  distinct  opalescence 
may  suggest  the  presence  of  starch  or  certain  proteids.  Colour- 
less solutions  may  also  contain  proteids,  urea,  bile-salts,  leucin, 
tyrosin,  or  ferments. 

Colour. — A  red  colour  will  suggest  blood,  green  bile,  yellow 
urine,  brovm  methsemoglobin  or  hsematin.  If  blood-pigment  or 
one  of  its  derivatives  is  suspected,  use  the  spectroscope  at  once, 
and  observe  the  spectrum  of  (a)  the  original  solution,  (6)  the  same 
shaken  with  air,  and  (c)  after  the  addition  of  (NH^)28. 

The  smell  may  give  an  indication  as  to  the  presence  of  bile  or 
urine.     Do  chemical  tests  accordingly. 

Taste. — If  salt,  examine  for  globulins  or  urea,  if  bitter  for  bile- 
salts,  if  sweet  for  sugars. 

Following  the  indications  obtained  from  the  physical  char- 
acters, select  from  the  following  chemical  tests  those  applicable 
to  the  fluid  which  is  being  examined  : — 

1.  Test  for  proteids  by  xanthoproteic  and  Millon's  tests,  and 
for  ca/fbohydrates  by  iodine  and  Trommer's  test.  The  tests  for 
special  proteids  and  carbohydrates  have  been  already  described. 

2.  Blood. — Test  chemically  for  proteid  constituents,  the  specific 
spectrum  of  Hb  or  its  compounds. 

3.  Bile. — Do  Gmelin's  test  for  bile-pigments,  and,  if  proteids 
are  absent,  Pettenkofer's  test  for  bile-acids.  If  proteids  (not 
proteoses  and  peptones)  are  present,  neutralise,  boil,  filter,  and 
test  flltrate  for  bile-salts.  Remove  proteoses  and  peptones,  if 
present,  by  precipitation  with  alcohol,  filter  and  test  filtrate  for 
bile-salts. 
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4.  Tyrosin. — Add  Millon's  reagent  and  boil.  A  red  colour  in 
the  solution  indicates  the  presence  of  tyrosin. 

5-  Urea. — (i)  Add  sodium  hypobromite  or  impure  nitric  acid 
(containing  HNOg).  If  no  bubbles  of  gas,  no  urea  is  present. 
If  gas  given  off  (2)  remove  phosphates  and  sulphates  by  addition 
of  baryta  mixture  and  filtration,  and  remove  proteids  (see  3), 
concentrate  the  filtrate  if  necessary,  place  a  drop  on  each  of  two 
slides,  allow  one  to  evaporate  slowly  under  a  cover-glass,  and  to 
the  other  add  a  drop  of  strong  pure  HNO3  and  cover.  Examine 
the  former  for  crystals  of  urea,  and  the  latter  for  crystals  of 
urea  nitrate.     (For  other  tests  see  Lesson  XVIII.) 

6.  Uric  acid. — If  in  solution,  is  in  the  condition  of  a  urate, 
(i)  Add  a  drop  of  HCl  and  allow  to  stand  for  24  hours.  Exa- 
mine deposit  for  crystals  of  uric  acid.  (2)  Concentrate  original 
solution  (after  removal  of  any  proteids  present),  and  apply  the 
murexide  test  to  a  small  quantity. 

7.  Kreatinin. — Add  a  drop  of  dilute  solution  of  nitroprusside 
of  sodium  and  excess  of  caustic  soda.  A  burgundy-red  colour 
indicates  kreatinin. 

8.  Ferments — (a)  Digestive  Jerments. — Place  5  c.c.  of  the  sus- 
pected fluid  in  each  of  four  test-tubes.  Label  these  A,  B,  0, 
and  D.  Neutralise  the  fluid  in  C  and  D,  if  necessary.  ,  To  A  add 
5  c.c.  4  p.c.  HCl  and  a  thread  of  boiled  fibrin,  to  B  5  c.c.  of  2  p.c. 
sodium  carbonate  solution  and  a  thread  of  boiled  fibrin,  to  C 
5  c.c.  starch  solution,  and  to  D  5  or  10  c.c.  milk.  Place  the 
four  tubes,  along  with  four  control  tubes  A',  B',  C,  D'  (the  con- 
tents of  which  are  the  same  as  those  of  A,  B,  C,  and  D,  but 
without  the  suspected  solution),  on  a  water-bath  at  40°  C. 
After  a  time  (10  to  30  mins.)  examine  the  tubes.  Digestion 
in  A,  B,  or  0,  or  coagulation  of  the  milk  in  D,  indicates,  if 
there  is  no  corresponding  change  in  the  control  tube,  the  pre- 
sence of  pepsin,  trypsin,  a/mylolytie  ferment  or  rennin  respec- 
tively. 

(6)  Blood  ferment. — If  the  solution  is  suspected  to  be  salted 
plasma,  or  if  it  be  oxalate  plasma,  in  the  former  case  dilute  with 
water  and  place  in- a  water-bath  (Lesson  V.,  15).  In  the  latter 
add  calcium  chloride  (Lesson  V.,  14),  and  observe  if  coagulation 
occurs.     This  will  also  show  presence  of  fibrinogen. 

N.B. — In  all  cases  make  a  note  of  what  you  do,  the  result 
thereof,  and  your  inferences.  The  following  form  is  con- 
venient : — 

Experimient.         \         Observation.         |        Inference. 
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B.  Examination  of  solid  substances. 
Physical  characters. 

1.  The  oolov/r  may  suggest  blood-pigment,  or  one  of  its  deri- 
vatives, or  bile-pigment. 

2.  Taste  may  indicate  bile-salts,  urea,  or  sugar. 

3.  Examine  deposit  microscopically — amorphous  or  crystalline. 
If  the  latter,  the  substance  may  be  recognised  by  its  crystalline 
form — e.g.,  uric  acid,  leucin,  tyrosin,  cholesterin,  &c. 

4.  Burn  some  in  a  tube ;  note  smell.     Does  it  leave  an  ash  ? 

5.  Examine  its  solubility  in  cold  and  warm  water,  caustic 
soda,  dilute  acid,  saline  solutions,  alcohol,  and  ether.  Test  the 
solution  in  the  first  four  reagents  as  directed  under  examination 
of  fluids.     Examine  the  ethereal  solution  tor /ata  and  cholesterin. 

Cholesterin. — (i)  Evaporate  a  little  of  the  ethereal  solution  in 
a  watch-glass,  and  add  a  drop  of  strong  HjSO^.  A  red  colour 
indicates  cholesterin.  (z)  Examine  microscopically.  Cholesterin 
crystallises  from  ethereal  solution  in  colourless  needles,  from 
solution  in  boiling  alcohol  in  its  characteristic  plates. 

C.  Analysis  of  urine. — The  student  must  also  practise  the 
analysis  of  urines  containing  one  or  more  abnormal  constituents, 
and  he  must  also  practise  the  estimation  of  the  quantity  of  the 
more  important  substances  present.  Both  sets  of  processes  must 
be  done  over  and  over  again,  in  order  that  he  may  perfect  him- 
self in  the  methods  in  common  use.     (See  scheme,  p.  188.) 

For  a  list  of  the  reagents  and  solutions  required  for  Part  I. 
see  Appendix. 
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PART  IL— EXPERIMENTAL  PHYSIOLOGY. 


Each  student  must  provide  himself  with  a  la/rge  and  a  small 
pair  of  scissors  ;  a  la/rge  a/nd  a  fine-pointed  pair  of  forceps  ; 
scalpel;  blunt  needle  or  "seeker"  in  handle;  watch-glasses^ 
narrow  glass  rod  drawn  out  at  one  end  to  act  as  a  "  seeker  "  ; 
tioo  camel-hair  brushes  of  medium,  size;  duster. 

The  students  work  in  pairs  at  separate  tables.  Ea^ch  table  is  pro- 
vided with  recording  drum,  muscle  chamber,  a/nd  myograph, 
two  Leclanche  cells  (qua/rt),  induction  coil,  two  du  Bois  or 
other  keys,  a  rod  on  which  to  wind  the  wires,  basin,  frog-plate, 
bottle  of  normal  saline,  in  a  box — wires,  and  a  wooden  scale, 
showing  inches  and  centimetres. 


MUSCLE   AND    NERVE. 


LESSON  XXV. 

GALVANIC   BATTERIES   AND    GALVANOSCOPB. 

1.  Daniell's  Cell  is  the  standard  cell  for  physiological  work  on 
account  of  the  constancy  of  the  current  it  yields.  It  consists  of 
a  glazed  earthenware  pot  (i8  x  9  cm.)  (fig.  84),  containing  a 
saturated  solution  of  copper  sulphate.  Crystals  of  OuSO^  are 
placed  in  it  to  keep  the  solution  saturated  (depolarising  agent). 
In  the  copper  solution  is  placed  a  roll  of  sheet-copper,  provided 
with  a  binding  screw.  Within  is  a  porous  unglazed  cylindrical 
cell  containing  10  p.c.  HgSO^.  A  well  amalgamated  rod  of  zinc, 
provided  with  a  binding  screw,  is  immersed  in  the  acid.  The 
zinc  is  the  negative  pole  or  Kathode  (  -  ),  and  the  copper  the 
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positive  pole  or  Anode  (  +  ).     E.M.F.  (electromotive  force)  or 

voltage  is  about  i-oy  volts.     The  H  liberated  at  the  zinc  plate 

combines  with  the  sulp-ion  from  the  _ 

CuSO^,   and    fresh    metallic    copper 

is  deposited    in    the    copper    plate, 

hence  the  constancy  of  action  of  this 

cell. 

N.B. — After  using  a  battery  the 
zincs  must  be  washed  and  dried,  the 
porous  cells  must  be  carefully  washed, 
and  completely  immersed  in  a  large 
quantity  of  water,  frequently  re- 
newed. 


Fig.  84.— Daniell's  cell. 


Fig.  83.— leclanch^  cell. 


2.  A  Leclanch6  ceU  (fig.  85)  consists  of  a  glass  vessel  containing 
a  saturated  solution  of  ammonium  chloride,  which  replaces  the 
acid  of  the  other  batteries,  and  in  it  dips  a  rod  of  amalgamated 
(zinc  -  pole).  The  +  pole  consists  of  a  carbon  plate  fixed  in  a 
porous  pot  packed  round  with  granulated  carbon  and  manganese 
dioxide — the  whole  filled  up  with  ammonium  chloride  solution. 
The  MnOg  yields  oxygen  slowly,  which  combines  with  the 
nascent  hydrogen  to  form  water,  but  as  the  hydrogen  collects 
the  cell  polarises  if  the  circuit  be  kept  closed  for  a  long  time, 
so  that  it  is  used  when  a  current  is  required  only  for  short 
periods.  It  must  not  be  used  too  long  in  a  primary  coil, 
nor  must  it  be  left  "short-circuited."  E.M.F.  about  1-5  volts. 
It  has  many  advantages — no  fumes,  no  acids,  always  ready — 
which  make  it  particularly  useful  for  the  work  of  the  student. 

3.  Dry  batteries. — ilost  are  modified  Leclanch^  cells.  They 
are  convenient  for  many  purposes — e.g.,  Obach  dry  battery, 
manufactured  by  Siemens. 
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4.  Grenet  or  Bichromate  cell  (fig.  86)  is  a  one-fluid  battery.  It  consists 
of  a  glass  bottle  containing  one  zinc  and  two  carbon  plates  immersed  in  the 
following  mixture : — Dissolve  i  part  of  potassio  bichromate  in  8  parts  of 
water,  and  add  i  part  of  sulphuric  acid.  The  zinc  is  attached  to  a  rod, 
which  can  be  raised  when  it  is  desired  to  stop  the  action  of  the  battery. 
This  cell  is  convenient  enough  when  it  is  not  necessary  to  use  a  current 
of  perfectly  constant  intensity.     E.M.P.  about  I  "8  volts. 


fe'm> 


Fig.  86.— Bichromate  or  Orenet  cell.    A,  Kg.  87.— Large  Grove's  element. 

Olass  vessel ;  K  K,  Carbon ;  Z,  Zinc ;  D,  E, 
Binding  screws  for  wires;  ^,  Bod  to  raise  or 
depress  zinc  in  the  fluid ;  C,  Screw  to  fix  B. 

5.  Grove's  oeU  (fig.  87)  consists  of  an  outer  glazed  earthenware,  glass,  or 
ebonite  jar,  containing  amalgamated  zinc  and  lo  p.o.  H2SO4.  In  the  inner 
porous  cell  is  platinum  foil  with  strong  nitric  acid.  The  platinum  is  the 
+  positive  pole  or  anode,  the  zinc  the  —  negative  pole  or  kathode.  Some- 
times for  physiological  purposes  small  Grove's  cells  are  used.  When  in  use 
the  battery  ought  to  be  placed  in  a  draught  chamber  to  prevent  the  nitrous 
fumes  from  affecting  the  experimenter. 

6.  Wires,  connections,  or  leads. — Cotton-covered  wire  (No.  18) 
is  used  to  connect  up  the  })atteries.  The  ends  of  the  wire  must 
be  bared  and  polished  by  scraping  with  a  knife.  See  that  there 
are  no  flaws  or  cracks  in  wire.  Roll  the  wires  into  spirals  on 
the  wooden  rod  provided,  and  then  when  the  apparatus  is  set  up 


XXV.]  GALVANIC   BAT?rEKIES   AND   GALVANOSCOPB.  1^7 

the  whole  will  present  an  orderly  appearance,  and  the  course  of 
the  current  can  then  be  readily  traced.  Keys  can  be  inserted  to 
control  the  course  of  the  current. 

7.  Galvanoscope  or  detector,  or  current  indicator. 

(a)  Charge  a  Daniell's  cell  and  attach  a  copper  wire  to  the 
negative  pole  (zinc),  and  another  to  the  positive  pole  (copper). 
On  bringing  the  free  clean  ends  of  the  two  wires  together  the 
circuit  is  made,  and  a  current  of  continuous,  galvanic,  or  voltaic 
electricity  circulates  outside  the  battery  from  the  +  to  the  - 
pole.  Prove  the  existence  of  this  current  by  its  effect  on  a 
magnetic  needle. 

(6)  Use  a  vertical  galvanoscope  or  detector  (fig.  88),  in  which 
the  magnetic  needle  is  so  loaded  as  to  rest  in  a  vertical  position. 
It  consists  of  a  magnetised  needle  surrounded  by  a  coil  of  wire. 
It  indicates  the  passage  and  direction  of 
a  current.  If  properly  graduated  it  would  (^^  ^fe 

represent    a    galvanometer.     A    needle  fl  ^j 

attached  to  this  moves  over  a  semicircle    ,  ^-"^^^i- — """"jM 
graduated     in    degrees.      Connect    the      IIIJJI^sB^         l|||l 
wires  from   the  +  and   -  poles    of  the       M^^?^\  ■  'ili|l 
Daniell's  battery  with  the  binding  screws      HP^  ""u"    v\   |||| 
of  this  instrument,  and  note  that  when      H7      i  |       ''ll  lEp 
the  circuit    is   made   the   needle  is  de-      |^^    w     yillilllill 
fleeted  from  its  vertical  position,  but  the       i^^;^^^^    |i|ll 
angle  of  deflection  is  not  directly  propor-    Bl   ■ 
tional    to     the   current   passing    in   the    *"Miilillllfflil|[j|||l||pr 
instrument.    Break  the  circuit  by  discon-  ^^^  gj  —Detector. 

necting   one  wire,    and  notice  that  the 

needle  travels  to  zero  and  resumes  its  vertical  position.  Intro- 
duce a  commutator  (fig.  99)  with  cross  bars  to  show  how  the 
commutator  reverses  the  direction  of  the  current.  The  detector 
made  by  Stohrer,  of  Leipzig,  is  a  convenient  form. 

8.  Effect  of  constant  or  voltaic  current  on  tongue. — Apply 
the  free  ends  of  the  wires  to  the  tongue,  and  note  the  effect  of 
the  current  j  or  a  key  may  be  placed  in  the  circuit.  The  physio- 
logical effects  of  a  moderate  constant  current  are  but  slight  on 
the  sensory  'nerves  of  the  tongue,  there  being  perhaps  a  slight 
metallic  taste. 

9.  Electrical  units. — The  unit  of  current  is  an  ampere,  the 
unit  of  resistance  an  ohm,  and  the  unit  of  pressure  a  volt.  The 
electromotive  force  (E.  M.F.)  is  the  force  or  pressure  which 
causes  the  electricity  to  move  from  a  point  of  higher  to  one  of 
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lower  potential,  and  its  unit  is  the  volt.  The  pressure  or  poten- 
tial of  a  Daniell's  cell  is  about  i  volt.  One  ampere  current  is 
obtained  by  i  volt  pressure  through  i  ohm  resistcmce;  through 
20  ohms  T^jy  ampere.  The  internal  resistance  of  an  ordinary  cell 
varies  from  i  to  10  ohms. 

Cm-rent  is  measured  in  amperes. 

r,  J.  ,        V      ,        Total  E.M.F.  (in  volts)      .       „       E 

Current  (ampferes)  =  _  ,   . ^- ^7^ 1—^>  ».c.,  C  =  :=- 

Total  resistance  (m  ohms)  Jti. 

liesistance  is  measured  in  ohms.  For  practical  purposes  i  ohm  resistance 
is  =  that  of  a  pure  silver  wire  i  mm.  diameter  and  1  metre  long. 

iJlectromotive  force  is  measured  in  volts.  A  volt  is  the 
amount  of  electrical  energy  which  will  produce  i  ampfere 
current  through  1  ohm  resistance. 

The  "  ions,"  which  are  supposed  to  wander  from  the  point 
of  highest  electrical  potential  or  anode  towards  the  point  of 
lowest  potential  or  kathode,  are  called  "kations" — e.g., 
H+,  NH3+ ;  those  moving  from  lowest  to  highest  potential 
are  "anions" — e.g.,  Cl-,Br-,  NOa",  SO4- ;  the  quicker  the 
ions  move  the  more  electricity  transferred  by  them  in  the  unit 
of  time. 

10,  Make  hand-electrodes  (every  student  must 
make  a  pair  for  himself). — (a)  Take  a  piece  of  double 
or  twin  wire  (No.  16)  enclosed  in  gutta-percha  (that 
used  for  electric  bells),  about  6  to  7  cm.  long  (2^  to 
3  inches).     Remove  tne  gutta-percha  from  the  ends. 

•  By  means  of  a  file  taper  one  pair  of  ends  to  blunt 
points,  to  the  other  ends  solder  pieces  60  to  90  cm. 
long  (2  to  3  feet)  of  thin  copper  wire.  Ooil  the  thin 
wire  round  a  glass  or  wooden  rod  to  make  them  into 
a  spiral,  and  to  their  free  unattached  ends  solder 
thicker  copper  wire  i  inch  long. 

(6)  Another  form  is  shown  in  fig.  89,  where  the 
copper  wires  are  thrust  through  two  glass  tubes. 

11.  Glass-seeker  or  nerve  hook. — Take  20  cm.  of  a 
glass  rod  4  to  5  mm.  in  diameter.  Heat  and  draw 
in  centre  to  ij  mm.  in  diameter.  Out  across  the 
drawn-out  part,  fuse  ends  in  Bunsen  fl.ame,  and  bend 

nliid-'  th^  6nd  over  to  form  a  hook  or  an  obtuse  angle. 
eieotrodea.     This  is  used  for  dissecting  out  or  lifting  up  nerves. 

12.  Amalgamation  of  zinc.^ — (a)  The  zinc  should  always  be  well  amalga- 
mated. When  a  cell  hisses  the  zinc  requires  to  be  amalgamated.  Dip  the 
zinc  in  10  p.o.  H2SO4  until  effervescence  commences.  Lift  it  out  and  place 
it  on  a  shallow  porcelain  plate.  Pour  some  mercury  on  the  zinc,  and  with 
a  piece  of  cloth  or  coarse  brush  rub  the  mercury  well  over  the  zinc.     Dip 
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the  zinc  in  the  acid  again,  and  then  scrub  the  surface  with  a  rag  under  a 
stream  of  tap  water. 

(6)  "  Amalgamation  mixture." — Heat  gently  to  dissolve  4  parts  of 
mercury  in  5  parts  of  nitric  acid  and  15  parts  of  hydrochloric  acid;  then 
add  20  parts  HCl.  The  zincs,  after  being  well  cleaned,  as  directed  above, 
are  dipped  into  this  mixture,  or  the  mixture  may  be  applied  to  the  clean 
zinc  by  means  of  a  brush. 

13.  Wilke's  pole-reagent  paper. — {a)  This  is  a  convenient  method  for 
determining  the  ( -  )  pole  in  any  combination.  Moisten  one  of  the  papers, 
place  it  on  a  clean  piece  of  glass,  and  touch  the  surface  with  the  two  wires 
coming  from  the  battery ;  a  red  spot  indicates  the  negative  pole. 

14.  Electrolysis  of  potassium  Iodide. — (6)  Filter  paper  is  dipped  in 
starch  paste  and  dried.  This  starch-  paper  is  preserved,  and  can  be  used 
from  year  to  year.  A  strip  is  moistened  with  KI  solution,  and  the 
electrodes  applied.  The  iodine-starch  reaction — dark-blue  iodide  of  starch 
— indicates  the  anode  (L.  B.  Mendel). 


LESSON  XXVI. 

KEYS— COMMITTATOR— BHEOCHORD. 

It  is  convenient  to  make  or  break — i.e.,  close  or  open — a  current 
by  means  of  keys,  of  which  there  are  various  forms. 

1.  Du  Bois-Reymond  key  (figs.  90,  91)  consists  of  a  plate  of 
vulcanite,  attached  to  a  wooden  or  metallic  framework  (fig.  91) 
which  can  be  screwed  to  a  table.  Two  oblong  brass  bars  (II. 
and  III.),  each  provided  with  two  binding  screws,  are  fixed  to 
the  ebonite,  while  a  movable  brass  bar  (IV.)  with  an  ebonite 
handle  is  fixed  to  one  of  the  bars,  and  can  be  depressed  so  as  to 
touch  the  other  brass  bar.  The  complete  contact  is  gradually, 
though  rapidly,  made,  hence  the  key  is  sometimes  called  a 
"friction  key."  The  classic  form  of  the  du  Bois  key  has  disad- 
vantages in  some  respects  over  those  keys  which  are  not  screwed 
upon  the  table  edge,  but  have  a  heavy  weighted  base.  A  very 
convenient  and  useful  key,  with  heavy  metallic  base  and  suitable 
for  "  short  circuit  "  arrangement,  is  made  by  Hunne.  Mercury 
connections. 

2.  Two  ways  of  using  du  Bois  key  : — 

1st.  As  a  simple  contact  or  "in-circuit"  key  (fig.  92), 
2nd.  As  a  short-circuiting  key  (fig.  93). 
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(i)  When  the  key  is  closed  the  cwrrent  is  made,  and  when  it  is 
opened  the  current  is  broken  (fig.  92).  Apparatus. — Daniell  or 
Leclauch^  cell,  detector,  three  wires,  and  a  du  Bois  key. 


Fig.  90. — Usual  lonn  of  du  Bois  key. 


Kg.  91.— Newer  form  of  du  Bois  key. 


Fig.  02.— Scjieme  of  du  Bois  key. 
B,  Battery ;  Z,  Key ;  iV,  Nerve; 
if,  Muscle. 


Fig.  93.— Scheme  of  du  Bois  key 
for  short-circuitiug.  N,  Nerve ; 
M,  Muscle ;  B,  Battery ;  K',  Key. 
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(o)  As  in  the  scheme  (fig.  92),  connect  one  wire  from  —  pole 
of  the  battery  to  one  brass  bar  of  the  key,  and  the  other  brass 
bar  with  one  binding  screw  of  the  detector.  Connect  the  other 
binding  screw  of  the  detector  with  the  +  pole  of  the  cell. 

(6)  On  depressing  the  key  (i.e.,  making  the  circuit^  the  needle 
is  deflected,  on  raising  it  (i.e.,  breaking  the  circuit)  the  needle 
passes  to  zero.  This  method  of  using  the  key  we  may  call  that 
for  "  making  and  breaking  a  current,"  but  it  does  not  make  a 
"  clean  "  make  and  break  on  account  of  the  gradual  contact  and 
friction.  For  this  purpose  a  spring  contact  or  mercury  key  is 
preferable.  The  du  Bois  key  is  always  used  in  this  manner  "  in 
circuit "  with  a  battery,  or  in  the  primary  circuit  of  an  induction 
machine. 

(2)  When  the  key  is  closed  the  current  is  said  to  be  "  short- 
circuited."  Apparatus. — Cell,  detector,  four  wires,  and  du 
Bois  key. 

(a)  As  in  scheme  (fig.  93)  connect  the  +  pole  of  the  cell  to 
the  outer  binding  screw  of  one  brass  bar  of  the  key,  and  the  — 
pole  to  the  outer  binding  screw  of  the  other  brass  bar.  Then 
connect  the  inner  binding  screws  of  both  brass  bars  with  the 
detector. 

(6)  Observe  when  the  key  is  depressed  or  closed,  there  is  no 
deflection  of  the  needle — i.e.,  when  the  current  is  cut  off  from  the 
long  circuit  beyond  the  key  or  bridge ;  when  the  key  is  raised 
the  needle  is  deflected.  When  the  key  is  depressed,  the  current 
is  said  to  be  "  short-circuited,"  for  the  key  acts  like  a  bridge, 
"  bridging  a  circuit,"  and  so  a  large  part  of  the  current  passes 
through  it  back  to  the  battery,  while  only  an  excessively  feeble 
current  passes  through  the  wires  beyond  the  key  ;  so  feeble  is  it 
that  it  does  not  affect  a  nerve.  On  raising  the  key,  the  whole 
of  the  current  passes  through  the  detector  or  nerve,  as  the  case 
may  be.  This  method  of  using  the  key  is  called  the  method  of 
"  short-circuiting." 

(c)  Test  the  effect  of  a  galvanic  current  by  applying  the 
electrodes  to  the  tip  of  the  tongue. 

^.B. — In  using  the  key  to  apply  an  induction  current  to 
excite  a  nerve  or  muscle,  always  use  this  key  by  the  second 
method — i.e.,  always  place  a  short-circuiting  key  in  the  secondary 
circuit. 

3.  Mercury  key. — Where  a  Jhtid  contact  is  required  the  wires 
dip  into  mercury.  It  is  used  in  the  same  way  as  a  du  Bois  key 
(fig.  94)  for  make  and  break  shocks,  but  here  the  whole  contact 
is  made  practically  at  the  same  moment. 
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Fig*  94. — M.  and  B.  Mercury  key. 

4.  Morse  key  (fig.  95). — If  it  is  desired  to  make  or  break  a 
current  rapidly,  this  key  is  very  convenient.     If  this  key  be 

used  to  make  and  break 
the  primary  circuit,  con- 
nect the  wires  to  B  and 
C  ;  when  the  style  of  the 
lever,  I,  is  in  contact 
with  c,  the  current  does 
not  pass  in  the  primary 
circuit.  On  depressing 
the  handle,  K,  the  pri- 
mary circuit  is  made. 
If,  however,  the  wires 
be  connected  to  A  and 
B,  the  current  passes 
and  is  broken  on  depressing  K.  To  use  this  key  as  a  short- 
circuiting  key,  connect  the  wires  from  the  battery  to  A  and  B, 
and  those  of  the  electrodes  to  A  and  C.  The  current  is  short- 
circuited  until  K  is  depressed,  when  the  current  passes  from 
0  to  A  through  the  electrode  wires. 


Fig.  95-— Morse  key.    Tlie  connections  are  concealed 
below,  but  are  Btol,A  to  c,  CtoC. 


Fig.  97.— Contact  key  made  by  Zlmmermann, 
chiefly  used  for  "reaction-time."' 


5.  Contact  or  Spring  key  (figs.  96,  97)  is  also  very  useful  for 
rapidly  making  and  breaking  a  circuit,  or  for  giving  a  single 
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shock  when  a  constant  strength  of  stimulus  is  not  necessary. 
As  in  the  Morse  key,  the  whole  contact  is  practically  made  at 
the  same  moment.  The  current  can  only  pass  between  the 
binding  screws  when  the  metallic  spring  is  pressed  down.  The 
left  end  of  the  spring  is  in  metallic  contact  with  the  upper 
binding  screw,  while  the  second  binding  screw  is  similarly 
connected  with  the  little  metallic  peg  at  the  right-hand  end  of 
the  fig. 

6.  Plug-key  (fig.  200). — Two  brass  bars  are  fixed  to  a  piece  of  vulcanite. 
The  circuit  is  made  or  broken  by  inserting  a  brass  plug  between  the  bars. 
Each  brass  bar  is  provided  with  two  binding  screws,  to  which  one  or  two 
wires  may  be  attached,  so  that  it  can  be  used  like  a  du  Bois  key,  either  by 
the  first  or  second  method. 

7.  "Trigger  or  Turn-over  key  "  is  referred  to  in  Lesson  XXXV. 

8.  Ostwald's  key  gives  a  dry  platinum  contact  and  is  useful  for  many 
purposes.      The    electrical    current    is    made    and 
opened  by  means  of  a  screw.     It  is  less  in  size  than 
a  du  Bois  key  (fig.  98. ) 

9.  Tumbler  key. — This  is  used  in  the  electric 
light  trade.  It  is  cheap,  and  is  really  a  friction  key 
like  the  du  Bois  form.  It  can  be  used  either  to 
interrupt  or  bridge  a  circuit.  A  keyboard  with 
several  tumbler  keys  joined  in  a  series  forms  a 
useful  arrangement  when  one  wishes  to  pass  a 
current  into  one  or  other  of  Several  circuits. 

10.  Simple  switch. — This  is  used  in  the  electrical 

trade,  and  is  cheap.     It  can  be  fixed  to  a  frame  and     j>;    gs.—Ostwald's  key 
be  clamped  to  the  table. 

11.  Double  keys  are  sometimes  useful— e.  3.,  where  it  is  desired  to 
make  or  break  two  separate  currents;  e.g.,  to  close  one  and  open  the 
other  simultaneously. 

12.  Polarisation  of  electrodes. — When  a  constant  current  is 
led  through  a  nerve  for  some  time  it  causes  electrolysis  where 
the  metallic  wires  come  into  contact  witl^  the  liquids  of  the 
nerve.  The  excitability  of  the  nerve  is  altered  by  the  secondary 
electromotive  changes  thus  produced,  so  that  the  nerve  is  thereby 
excited,  and  the  muscle  is  thrown  into  contraction. 

Apparatus. — Electrodes  (fig.  89),  two  wires,  du  Bois  key,  cell, 
frog. 

(a)  Pith  a  frog  (Lesson  XXIX.,  1),  lay  it  belly  downwards 
on  a  frog-plate,  and  expose  one  sciatic  nerve. 

(6)  Screw  the  du  Bois  key  to  the  table,  place  the  copper  elec- 
trodes under  the  sciatic  nerve,  and  connect  their  other  ends 
each  with  the  outer  binding  screw  of  the  brass  bars  of  the 
du  Bois  key.  Close  the  key,  and  observe  that  no  contraction 
of  the  leg  muscles  occurs. 
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(c)  Connect  a  cell  with  a  du  Bois  key.  Open  the  key  to  allow 
the  current  to  pass  through  the  nerve  for  3  or  4  minutes,  and 
observe  that  there  is  no  contraction  as  long  as  the  current  is 
passing.  Close  the  key — i.e.,  short-circuit  the  battery,  and  at 
once  a  contraction  occurs.  Remove  the  battery,  close  and  open 
the  key.  Contractions  occur,  but  they  gradually  get  feebler  as 
the  polarisation  ceases.  The  contractions  are  due  to  polaris- 
ation of  the  electrodes. 

(d)  If  non-polarisable  electrodes  are  used,  this  does  not  happen. 

(e)  See  Lesson  XLVIII.  for  another  method. 

13.  Non-polarisable  or  unpolarisable  electrodes,  Lesson  XLV.  For 
Ostwald's  "Normal  Electrode"  as  modified  by  Oker-Blom,  see  Pfliiger'a 
Archiv.,  vol.  Ixxix.,  543,  igoo. 

14.  Pohl's  commutator  (fig.  99)  is  used  for  sending  a  current 
along  two  different  pairs  of  wires — deflecter,  or  for  reversing 
the  direction  of  the  current  in  a  pair  of  wires — reverser.  [It 
may  also  be  used  as  a  simple  Hg-key.]  It  consists  of  a  round 
or  square  wooden  or  ebonite  block  with  six  cups,  each  in  con- 
nection with  a  binding  screw.  Between  two  of  these  stretches 
a  bridge  insulated  in  the  middle.  The  battery  or  leading-in 
wires  are  attached  to  the  cups  connected  with  this  (i  and  2). 


Fig.  99 — Pohl's  commutator  Fig.  loo.— Pohl's  commutator  with  cross-hars,  arranged 

with  cross-hars,  for  reversing  the  direction  of  a  current. 

When  it  is  used  as  a  deflecter  to  pass  a  current  through  different 
wires,  the  cross-bars  are  removed  and  the  leading-out  wires  are 
attached  to  3  and  4,  -5  and  6.  On  turning  the  bridge  to  one 
side  or  other,  the  current  is  sent  through  one  or  other  pair  of 
wires.  To  reverse  the  direction  of  a  current,  only  one  pair  of 
leading-out  wires,  besides  the  battery  wires,  is  attached  to  the 
binding  screws  of  the  mercury  cups — e.g.,  to  3  and  4,  or  5  and  6, 
the  cross-bars  remaining  in. 

It  can  be  used — 

(i)  To  change  the  course  of  a  current — i.e.,  as  a  deflecter. 
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(2)  To  change  the  direction  of  a  current — i.e.,  as  a  reverser 
(fig.  100). 

[(3)  As  a  simple  mercury  key.] 

(i)  When  it  is  desired  to  send  a  current  through  either  of 
two  pairs  of  wires,  connect  the  commutator  without  the  cross-hwrs 
—  i.e.,  as  a  deflecter,  as  shown  in  fig.  134.  The  leading-vn  wires 
are  connected  to  the  Hg-cups  at  the  ends  of  the  rocker,  and  the 
leading-out  wires  to  the  other  cups.  As  the  rocker  is  turned  to 
the  one  side  or  the  other,  so  is  the  current  made  to  pass  along 
the  one  or  other  set  of  wires.  The  positive  pole  remains  on  the 
same  side.     Trace  course  of  current. 

(2)  For  reversing  the .  direction  of  a  current,  insert  the  cross- 
bars. The  leading-in  wires  are  attached  as  before,  but  only  one 
pair  of  leading-out  wires  is  attached  to  the  cup  on  one  side  only. 
When  the  rocker  dips  into  the  cup  connected  with  the  leading- 
out  wire,  the  +  pole  is  on  the  same  side,  but  when  the  rocker 
is  reversed  the  other  leading-out  wire  becomes  positive.  Trace 
the  course  of  the  current. 

[(3)  As  a  Hg-key.  Connect  the  wire  to  a  cup  at  one  end  of 
the  rocker  bridge,  and  the  other  wire  to  the  Hg-cup.  It  then 
acts  as  a  simple  M.  and  B.  key.] 

Graduating  a  galvanic  current. — Besides  altering  the  number, 
arrangement,  or  size  of  the  cells,  we  can  use  a  simple  rheochord 
to  divide  the  current,  the  battery  remaining  constant,  so  that 
weak  constant  currents  of  varying  strength  can  thus  be  easily 

E 
obtained.     From  the  formula,  0  =  :5,  it  is  obvious  that  one  can 

decrease  the  current 
by  increasing  the  re- 
sistance. For  this 
purpose  various  rheo- 
chords  and  rheostats 
are  used. 

15.  A  Monochord  is 
in  principle  a  simple 
rheochord,  and  con- 
sists of  a  brass  or 
German-silver  wire, 
about  20  ohms  resist- 
ance and  I  metre  in  length,  stretched  longitudinally  along  a 
board,  with  its  ends  connected  to  binding  screws  and  insulated 
(fig.  loi).     On  the  wire  there  is  a  "slider,"  which  can  be  pushed 


Fig.  loi. — Scheme  of  Bimple  rheochord.    B,  Battery ; 
Z,  Key,  W,  E,  Wire;  S,  Slider';  D,  Detector. 
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along  as  desired.  Apparatus. — Monochord,  Daniell's  cell,  de- 
tector, du  Bois  key,  five  wires. 

(a)  Arrange  the  experiment  as  in  fig.  loi — i.e.,  with  the 
rheochord  as  a  deriving  circuit.  When  the  slider  S  is  hard  up 
to  W,  practically  all  the  electricity  passes  along  the  wire  (W,  K) 
back  to  the  battery. 

(6)  Pull  the  slider  away  from  W,  and,  in  doing  so,  the  resist- 
ance in  the  detector  circuit  is  diminished,  and  some  of  the 
electricity  passes  along  the  detector  circuit  or  the  "  deriving 
circuit  "  and  deflects  the  needle.  The  deflection  is  greater — but 
not  proportionally  so — the  further  the  slider  is  removed  from 
W.  The  deflection  is  nearly  proportional  to  the  distance  of  the 
slider  from  W,  when  the  resistance  in  the  detector  circuit  is 
great  compared  with  that  of  the  rheochord,  which  is,  of  course, 
the  case  when  a  tissue  occupies  the  place  of  the  detector. 

(c)  Make  a  table  showing  the  extent  of  deflection  of  the 
needle  of  the  detector  according  to  the  distance  of  S  from  W. 

By  it  one  can  obtain  a  small  electromotive  pressure.  It  is 
used  to  neutralise  the  "  current  of  injury  "  in  living  tissues  by 
the  compensation  method. 

16.  The  simple  rheochord  may  be  arranged  as  in  fig.  102  ;  a 
slider,  S,  S,  consisting  of  an  ebonite  cup  filled  with  mercury,  can 
be  moved  along  the  wires.     Make  connections  as  in  fig.   102. 


Fig.  102.— Rheochord  with  Hg-slider,  S,  S.     B,  Battery ;  E,  Contact  spring  key ; 
jE,  Electrodes  :  N^  ITerve  or  detector. 


Observe,  as  the  mercury  cup  is  pulled  away  from  the  binding 
screws,  there  is  a  greater  deflection  of  the  needle,  but  the  de- 
flection is  not  in  proportion  to  the  distance  of  the  cup.  Make  a 
table  of  your  results. 
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Distance  of  Hg- 
Bridge  in  cm. 

Deflection  of  Gal- 
vanometer. 

Distance  of  Hg- 
Bridge  in  cm. 

Deflection  of  Gal- 
vanometer. 

I 

2 

3 

4 

I 

4 
6 

10 
IS 

20 

3° 

9-5 

II 
12-5 

14 

The  resistance  in  the  rheochord  circuit  is  low  as  compared 
with  that  in  the  principal  circuit.  By  means  of  the  slider  the 
resistance  in  the  deriving  circuit  can  be  increased  or  diminished, 
and,  consequently,  the  magnitude  of  the  current  diverted  into 
the  principal  circuit.  The  rheochord  also  affords  a  means  of 
dividing  a  current  into  two  parts,  according  to  the  respective 
resistances  in  the  two  circuits.  A  rheochord  is  also  used  to 
compensate  any  current  of  injury  in  nerve  and  muscle  in 
rheotomic  experiments. 

17.  Simple  rheochord.— A  form  used  in  Oxford  consists  of 
a  German-silver  wire  about  20  ohms  resistance,  wound  round 
ebonite  pegs  fixed  at  equal  distances 
at  the  opposite  ends  of  a  wooden  board. 
The  board  is  divided  into  oblongs,  so 
that  each  division  represents  j-^  V^^^ 
of  the  whole  length  of  the  wire,  which 
ends  in  two  block  terminals.  A,  B, 
each  provided  with  two  binding 
screws.  One  of  the  terminals  of  the 
electrodes  is  attached  to  one  terminal 
of  the  wire  (A),  and  the  other  to  the 
movable  block  S,  which  represents  a 
slider,  and  which  can  be  applied  to 
any  part  of  the  wire  at  any  distance 
from  A.  Owing  to  the  great  resistance 
of  the  nerve  as  compared  with  that  of 
the  wire,  the  current  through  the 
nerve  or  muscle  is  in  proportion  to 
the  lengthof  wire  between  the  slider  S 
and  the  block. 

(a)  Connect  a  cell,  as   in  fig.  103, 
with  the  two  block  terminals  (A,  B), 
interposing    a   spring    key    (K).     Of 
the  electrode  wires,  one  is  connected  to  A,  and  the  other  to  the 
slider  S. 
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Mg.  103. — Simple  rheochord  as 
used  in  Oxford.  B,  Battery ;  E, 
Spring  key ;  A,  B,  Terminals  of 
rheochord  wire  ;  S,  Slider ;  JST, 
Nerve. 
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Expose  the  sciatic  nerve  of  a  frog,  and  place  the  electrodes 
under  it,  or  make  a  nerve-muscle  preparation  and  stimulate  the 
nerve.  Place  the  slider  close  to  A,  there  is  no  response  either 
at  make  or  break.  Place  the  slider  at  different  distances  from 
A,  and  note  when  contraction  occurs  at  make. 

18.  Du  Bois-Eeynaond  rheoehord. — For  some  physiological  experiments, 
it  is  necessary  to  cause  a  gradual  increase  or  decrease  of  the  current ;  then 
this  form  is  useful  (fig.  225).  In  the  rheostat,  where  plugs  are  inserted  or 
pulled  out,  the  variation  of  the  current  is  step  by  step.  When  the  slider 
L  is  pushed  hard  up  to  i  and  2,  and  all  the  plugs  are  in,  we  have  the  same 
condition  as  in  a  rheostat  with  all  the  plugs  in.  When  the  slider  is  puUed 
away  from  zero  to  100,  i  ohm  resistance  is  gradually  thrown  into  the  short 
circuit.  Apparatus. — One  cell,  du  Bois-Reymond  rheoehord,  detector,  five 
wires,  du  Bois  key. 

(1)  Set  up  apparatus  as  shown  in  fig.  10^,  substituting  a  detector  for  the 
nerve-muscle  preparation — i.e.,  connect  battery  wires  to  A  and  B,  intro- 
ducing a  du  Bois  key  ia  one  wire.  From  A  and  B  connect  the  other  two 
wires  with  a  detector. 

(2)  Push  up  bridge  or  slider  (L)  to  zero,  close  key,  and  note  angle  of 
deflection,  if  any. 

(3)  Leave  key  closed  and  gradually  slide  the  bridge  to  i,  and  then 
slowly  and  evenly  to  100,  noting  the  deflection  of  needle. 

(4)  Open  key,  remove  plug  representing  i  ohm,  slide  bridge  to  zero, 
close  key,  note  angle  when  needle  is  at  rest.  It  should  be  the  same  as  at 
100  if  the  R  is  equal.     The  angle  may  be  increased  by  using  slider. 


LESSON   XXVII. 

INDUCTION   COIL— ELECTRODES. 

1.  Induced  or  faradic  electricity  is  most  frequently  employed 
for  physiological  purposes.  Induction  shocks  are  of  short  dura- 
tion, and  they  are  physiologically  very  active.  A  single  shock 
or  a  succession  of  shocks  may  be  applied.  As  successive  shocks 
but  slightly  impair  the  physiological  activity  of  the  tissues,  and 
as  their  intensity  can  be  accurately  graduated,  induced  electricity 
is  largely  used  as  a  stimulus  in  physiological  experiments. 

2.  Induction  apparatus  of  du  Bois-Reymond. — In  fig.  104  the 
primary  coil  (R')  consists  of  150  to  500  turns  of  thick  insulated 
copper  wire,  wound  on  a  wooden  bobbin  with  a  core  of  soft  iron 
wires.    The  wire  is  thick  to  offer  slight  resistance  to  the  galvanic 
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current.  The  ends  of  the  wire  of  the  primary  coil  are  connected 
to  the  binding  screws  S"  and  S'".  The  secondary  coil  (R")  con- 
sists of  6000  turns  (or  more)  of  thin  insulated  copper  wire  coiled 
on  a  larger  wooden  bobbin — secondary  coil;  the  whole  spiral 
can  be  moved  along  the  board  (B),  to  which  a  millimetre  scale 
(I)  is  attached,  so  that  the  distance  of  the  secopdary  (S)  from 
the  primary  spiral  (P)  can  be  read  off,  while  the  cavity  of  the 
secondary  coil  is  such  that  it  can  be  pushed  right  over  the 
primary  coil.  The  ends  of  the  wire  of  the  secondary  coil  are 
connected  with  the  terminals  on  the  secondary  coil  opposite 
I  in  fig.  104.    At  one  end  of  the  apparatus  is  a  Wagner's  hammer 


J       s" 


Fig.  104.— Induction  apparatus  ol  du  Boia-EeTmond.  i!',  Primary ;  R",  Secondary  spiral ; 
B,  Board  pn  which  B."  moves ;  I,  Scale;  +  -,  Wires  from  battery;  P',  P",  Pillars; 
H,  Neef  s  hammer ;  5',  Electro-magnet ;  5',  Binding  screw  touching  the  steel  spring 
(H);  5"  and  S'",  Binding  screws  to  which  are  attached  wires  when  Neef's  hammer  is 
not  required. 


as  adapted  by  Neef — Neefs  ha/mmer — which  is  an  automatic 
arrangement  for  making  and  breaking  the  primary  circuit. 
When  Neef's  hammer  is  used  to  obtain  what  is  called  an 
interrupted  current  or  "repeated  shocks,"  the  wires  from  the 
battery  are  connected  as  in  the  figure,  but  when  single  shocks 
are  required,  the  wires  from  the  battery  are  connected  with  a 
key,  and  this  again  with  the  two  terminals  of  the  ptimary  spiral, 
S"  and  S'"  (fig.  104). 

Suppose  we  push  the  secondary  coil  right  up  over  the  primary, 
and  take  this  as  zero,  then  an  index  on  the  side  of  the  slot  will 
give  the  distance  in  millimetres  of  the  S  from  the  P  coil,  the 
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current  being  strongest  when  the  S  coil  is  completely  over  the  P, 
and  diminishing  as  the  S  is  removed  from  the  P. 

In  the  du  Bois  coil  the  strength  of  the  induced  shock  is  con- 
veniently modified  by  altering  the  distance  between  S  and  P. 
The  strength  of  the  induced  shock,  however,  is  not  inversely 
proportional  to  the  distance  of  S  from  P ;  the  increase  in 
strength  of  the  induced  shock  increases  in  a  greater  ratio  as  S 
approaches  P. 

3.  Vertical  inductorium,  where  the  secondary  spiral  moves  vertically 
in  a  slot,  and  is  compensated  by  means  of  a  counterpoise,  so  that  it  moves 

easily  (fig.  105).     It, is  used  in  the  same 
way  as  the  other  form. 

4.  Graduated  induction  apparatus. 
— In  the  ordinary  apparatus  the  distance 
between  the  S  and  P  coils  is  indicated 
by  a  millimetre  scale  attached  to  the 
instrument.  When  the  S  coil  is  moved 
along  equal  distances,  there  is  not  a  cor- 
responding increase  or  decrease  in  the 
induced  current ;  on  the  contrary,  the 
strength  of  the  induced  currents  under- 
goes a  very  unequal  change.  Pick  and 
Kroneoker  use  a  graduated  coil ;  on  one 
side  of  the  slot  is  a  millimetre  scale,  and 
the  other  is  divided  into  units. 

5.  Bowditch's  rotating  secondary 
spiral. — The  S  coil  is  withdrawn  from 
the  P  to  the  unit  mark  30  on  the  scale. 
The  S  coil  rotates  on  a  vertical  axis,  so 
that  it  can  be  placed  at  \farying  angles 
with  the  P.  In  proportion  as  it  is 
rotated  from  its  oonaxial  position  the 
current  is  diminished.  Test  this  by  re- 
moving the  S  coil  from  the  slot  and 
placing  it  at  variable  angles  to  the  P. 

6.  Ewald's  sledge  coil. — This  coil  is, 
with  the  exception  of  the  interrupting 
arrangement,  similar  to  the  du  Bois  coil ; 
the  iron  core  (flg.  106,  K)  is  arranged 
movable,  and  the  S  coil  slides  over  the 
P  and  can  be  adjusted  in  any  position  by 
means  of  a,  rack  and  pinion  arrange- 
ment. The  interrupter  consists  of  an 
upright  electro-magnet,  over  the  poles 
of  which  swings  a  small  steel  bar-magnet ; 

this  magnet  forms  the  lower  end  of  a.  pendulum  which  swings  with  very 
little  friction,  and  is  counterbalanced  on  its  upper  end  by  a  small  weight. 
The  electro-magnet,  when  traversed  by  the  current,  becomes  magnetised 
in  such  a  way  that  its  poles  are  the  same  as  those  of  the  little  bar- 
magnet  above  it,  thus  repelling  the  latter,  the  swing  of  which  is  limited 
by  the  stop  spring,  B, 


Fig.  105. — Inductorium  with  secon- 
dary coil  moving  in  a  vertical  slot. 
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The  magnetic  circuit  now  being  broken,  the  pendulum  swings  back 
until  it  again  touches  the  contact  D,  when  it  is  repelled  again,  and  so  on. 
According  to  the  position  which  is  given  to  the  spring  by  means  of  the 
milled  head  A,  the  amplitude  and  speed  of  the  interrupter  swings  can  be 
varied  between  the  limits  of  i  and  200  per  second. 

Z,  Z,  are  the  battery  terminals ;  P  and  S  the  terminals  for  primary  and 
secondary  current  (fig.  106). 


tf  cv 


Fig.  106,— Ewald'B  sledge  inductorium.j    jS",  Secondary  coil  moved  by  milledj^head,  R ; 
K,  Core  of  primary  coil ;  A^  Milled  head  to  alter  position  of  8top,^£ ;  C,  Magnet ; 
Z,  Z,  Battery  tenninals ;  P  and  .^,  Those  for  primary  and  secondary  current.    (It  is 
■  made  by  A.  Hurst  &  Co.,  66  Fenohurch  Street,  London.) 


Albreoht  (Tubingen)  makes  an  Ewald  coil  (induotorium)  —  like  the 
original  Ewald  form— in  which  the  secondary  coil  moves  on  a  rack  and 
pinion  arrangement  and  on  metallic  wheels  along  a  metal  track.  The 
secondary  electrode  connections  are  thus  made  stationary  at  the  end  of 
the  track,  and  the  wires  are  thus  independent  of  movement  of  secondary 
coil. 

7.  Shielded  electrodes.— For  some  purposes,  e.g.,  stimulation  of  the 
vagus,  these  electrodes  are  used^ — i.e.,  the  platinum  terminals  are  exposed 
only  on  one  side,  the  other  being  sunk  in  a  piece  of  vulcanite.  A  pair  of 
shielded  electrodes  is  easily  made  by  fixing  the  ends  of  two  fine  wires- 
arranged  parallel  to  each  other  and  about  one-eighth  of  an  inch  apart — in 
a  thin  layer  of  gutta-percha  cement.  A  little  of  the  cement  is  scraped  off 
to  expose  a  small  piece  of  both  wires. 

8.  Du  Bois-Eeymond  electrodes  (fig.  107). — The  two  wires  end  in  tri- 
angular pieces  of  platinum,  P,  which  rest  on  a  glass  plate.  The  whole  is 
supported  on  a  stand,  V,  and  can  be  moved  in  any  direction  by  the 
universal  joint,  B. 
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Fig.  107. — Du  Bois-Keymond's  platinum  electrodes.    The  nerve  is  placed  over  the  two 
pieces  of  platinum,  P,  which  rest  on  glass ;  B,  Universal  joint ;  V,  Support. 


LESSON    XXVIII. 


SINGLE  IWDTTCTIOlir  SHOCKS  —  INTERRUPTED 
CTIRRENT  —  BREAK  EXTRA  -  CURRENT  OF 
FARADAY  —  HELMHOLTZ'S    MODIFICATION. 


1,  Single  induction  shocks Apparatus. — Leclanch6  cell,  in- 
duction coil,  wires,  two  du  Bois  keys  (or  one  du  Bois  and  spring 
or  mercury  key),  and  electrodes. 

(a)  Make  connections  as  in  fig.  108.  The  key  in  the  primary 
circuit — preferably  a  mercury  key — is  used  to  make  or  break  the 
primary  current.  Keep  the  key  open.  To  the  binding  screws 
of  the  S  coil  attach  two  wires,  and  connect  them  to  the  short- 
circuiting  du  Bois  key,  and  to  the  latter  the  electrodes.  First 
set  up  connections  in  P  coil,  then  those  of  S  coil,  noting  specially 
the  du  Bois  key  as  the  short-circuiting  key  in  this  circuit — i.e., 
contact  key  in  P  and  short-circuiting  key  in  S  circuit. 
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(6)  Effect  of  single  induction  shocks  on  tongue.  {Break  shock  is 
stronger  than  make  shock.) — Open  the  short-circuiting  key,  push 
the  S  coil  pretty  near  to  the  P,  and  place  the  points  of  the 
electrodes  on  the  tip  of  the  tongue,  or  hold  them  between  the 
moist  forefinger  and  thumb.  Close  the  key  in  the  P  circuit,  i.e., 
make  the  circuit,  and  instantly  at  the  moment  of  making  a 
shock  or  prick — the  closing  or  make  induction  shock — is  induced 
in  the  S  coil,  and  is  felt  on  the  tongue  or  moist  finger.  All  the 
time  the  key  is  closed  the  galvanic  current  is  circulating  in  the 
primary  coil,  but  it  is  only  when  the  primary  current  is  made  or 
broken  that  a  shock  is  induced  in  the  secondary  coil. 


Fig.  io8.— Scheme  for  single  Induction  shoclis.    B,  Battery ;   K,  K',  Keys ;   P,  Primary, 
and  S,  Secondary  coil  of  the  Induction  machine ;  K,  Kerve ;  M,  Muscle. 


(c)  Break  the  P  current  by  raising  the  key,  and  instantly  a 
shock — the  opening  or  break  induction  shock — is  felt. 

(d)  The  break  is  stronger  than  the  make  shock.  Push  the  S 
coil  a  long  distance  from  the  P,  and,  while  the  electrodes  are  on 
the  tongue,  make  and  break  the  P  circuit.  Gradually  move  the 
S  near  the  P  coil  until  the  minimal  shock  is  felt.  £,ead  off  the 
position  of  S  coil.  The  break  shock  is  felt  first,  and  on  pushing 
the  S  nearer  the  P  coil  both  shocks  are  felt,  but  the  break  is 
stronger  than  the  make  shock.  Read  ofi'  position  of  S  when 
the  minimal  make  shock  is  felt.  It  is  considerably  nearer  P. 
Note  thatj — 

(  i.  )  Tlie  break  shock  is  the  stronger. 

( ii. )  On  nearing  the  S  to  the  P  coil,  a  shock  is  felt  at  make 
also — i.e.,  when  the  P  circuit  is  made. 

(iii.)  If  the  P  circuit  be  kept  closed — i.e.,  made — no  shock 
is  felt. 

(iv.)  The  shocks  increase  in  intensity  the  nearer  the  S  coil  is 
to  the  P. 

N.B. — Tabulate  the  results  showing  the  distance  of  the  S  coil 
from  the  P  when  testing  the  relative  effects  of  M.  and  B.  shocks. 
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Single  M.  and  B.  Induction  Shocks  (i  Daniell). 

Effect  on  Tongue. 


Distance  of  Secondary  Coil 
from  Primary  in  cm. 

19 
18 

17 


M. 

O 
O 

o 


B. 


Slight  shock. 
Stronger  shook. 


9  Slight  shock.  Maximum  shock. 

8  Stronger  shock.  „  „ 

7  Maximum  shock.  ,,  ,, 

Other  parts  of  the  apparatus  being  unchanged  : — The  strength 
of  the  induction  shock  as  a  stimulus  can  there/ore  be  va/ried  hy 
changing  the  relative  positions  of  the  secondary  coil  (S)  in  relation 
to  the  primary  coil  (F). 

(e)  Remove  the  S  coil  from  its  slot,  and  place  it  in  line  with  and  about 
15  cm.  from  the  P.  Rotate  the  S  coil  so  as  to  place  it  at  variable  angles 
with  the  P.  Make  and  break  the  P  circuit,  and  test  how  the  strength  of 
the  induced  current  varies  with  the  extent  of  rotation  of  the  S  coil. 

2.  Interrupted  current — i.e.,  repeated  shocks — with  Neef's 
hammer — (Alternating  currents) — Faradisation. 

(a)  Connect  the  battery  wires  (fig.  1 09)  to  P'  (  +  )  and  P"  (  -  ). 
Introduce  a  du  Bois  key  in  the  primary  circuit  as  in  the  make 


.'        S" 


Fig.  109. — Induction  coil  arranged  for  interrupted  or  repeated  shocks^  with 
Keef's  hanuner  in  the  primary  circuit. 

and  break  arrangement.     The  automatic  vibrating  spring,  or 
Neef  s  hammer,  is  now  included  in  the  P  circuit.     Set  the  spring 
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vibrating.  Close  the  key  in  the  P  circuit.  The  spring,  H,  is 
attracted  by  the  temporary  magnet,  B',  thus  breaking  the  con- 
tact between  the  spring,  H,  and  the  screw,  S',  and  causing  a 
break  shock  in  the  S  coil.  B'  is  instantly  demagnetised,  the 
spring  recoils  and  makes  connection  with  S',  and  causes  a  make 
shock.  Thus  a  series  of  make  and  break  induction  shocks 
following  each  other  with  great  rapidity  is  obtained,  but  the 
make  and  break  shocks  are  in  alternately  opposite  directions. 

(6)  Effect  on  tongue. — With  Neef s  hammer  vibrating,  apply 
the  electrodes  to  the  tongue.  Note  effect,  and  how  it  varies  on 
altering  distance  between  S  and  P  coils. 

(c)  Note  how  strength  of  induced  shocks  varies  with  the  angular  devia- 
tion of  the  S  coil,  the  distance  between  the  two  coils  being  kept  constant. 

3.  Break  extra-current  of  Faraday. — When  a  galvanic  current 
traversing  the  P  coil  of  an  induction  machine  is  made  or  broken, 
each  turn  of  the  wire  exerts  an  inductive  influence  on  the  others. 
When  the  current  is  made,  the  direction  of  the  extra-current  is 
against  that  of  the  battery  current,  but  at  break  it  is  in  the  same 

direction  as  the  battery  current.     Apparatus Cell,  two  du  Bois 

keys,  five  wires,  P  coil  of  in- 
duction coil,  electrodes  (or 
nerve-muscle  preparation). 

(a)  Arrange  apparatus  as  in 
fig.  no,  removing  the  S  coil. 
Notice  that  both  keys  and 
the  P  coil  of  the  induction 
machine  are  in  circuit,  the 
keys  being  so  arranged  that 
either  the  primary  coil,  P,  or 
the  electrodes  attached  to  key, 
K',  can  be  short  circuited.  The 
secondary  coil  is  not  used. 

(6)  Test  (a)  either  by  electrodes  applied  to  the  tongue,  or  (/3) 
by  means  of  a  nerve-muscle  preparation  (/8  to  be  done  after  the 
student  has  learned  how  to  make  a  nerve-muscle  preparation). 

(c)  Close  the  key  K,  thus  short-circuiting  the  coil.  Open  and 
close  key  K'.     There  is  very  little  effect. 

(d)  Open  K,  the  current  passes  continuously  through  the 
P  coil.  Open  key  K';  a  marked  sensation  is  felt,  due  to  the 
break  extra-current. 

[The  consideration  of  the  make  extra-current  is  omitted.] 

4.  Hehnholtz's  modification The  break  shock  is  stronger  than 

the  make,  so  that  if  repeated — i.e.,  interrupted  shocks  be  sent 


Fig.  no. — Scheme  of  break  extra-current. 
B,  Battery,  Kand  K',  Keys;  P,  Primary 
.  coil ;  N,  Nerve ;  M,  Muscle. 
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through  a  tissue  for  some  time — polarisation  effects  are  set  up. 
To  equalise  them  Helmholtz  devised  the  following  modification : — 
(a)  Connect  the  battery  wires  to  the  two  pillars  (fig.  109),  P' 
and  P",  or  to  a  and  e  (fig.  iii).  In  fig.  11 1  connect  a  wire — 
"  Helmholtz's  side  wire"— from  a  to/,  thus  bridging  or  "  short- 
circuiting"  the  interrupter.     Eaise  the  screw  (/)  clear  of  the 

spring  (c),  but  turn  the  screw 
(d)  until  it  touches  the  spring, 
when  the  latter  is  in  contact 
with  the  electro-magnet  (cf) 
close  the  key,  the  spring 
vibrates.  By  this  means  the 
make  and  break  shocks  are 
nearly  equalised.  Test  this 
on  the  tongue.  Both  shocks, 
however,  are  weaker,  so  that 
it  is  necessary  to  use  a  stronger 
battery.  The  P  circuit  is 
always  closed  during  the 
vibration  of  the  spring. 

It  is  always  advantageous, 
when  using  faradic  shocks  for 
physiological  purposes,  to  use 
make  and  break  shocks  of 
nearly  equal  intensity,  i.e.,  use 
Helmholtz's  side  wire.  Why  ? 
Because  any  "  polarisation " 
produced  by  the  one  current  is  neutralised  by  the  other.  This 
is  not  the  case  with  the  ordinary  arrangement,  where  the  break 
shock  is  stronger  than  the  make,  whereby  there  is  a  progressive 
summation  of  the  polarisation  efiects  of  the  break  shocks. 

If.B. — The  Helmholtz  modification  should,  as  a  rule,  be  used 
when  stimulating  nerve  or  muscle  for  the  reasons  given  above. 

5.  Equalise  single  make  and  break  induction  shocks. — As  we 
have  seen,  the  extra-current  is  the  cause  of  the  greater  intensity 
of  the  break  shock.  If,  however,  the  intensity  of  the  extra- 
current  be  the  same  at  make  and  break,  this  inequality  will 
disappear. 

(a)  Connect  the  terminals  of  a  cell  with  the  upper  binding 
screws  of  an  induction  coil  (fig.  112),  and  to  the  same  coil 
terminals  connect  two  other  wires  with  a  make  and  break  key 
(K)  in  their  circuit  ("  deriving  circuit,"  D,  D).  Thus  the  P 
current  is  never  broken. 


Fig.  III. — Helmholtz's  modification  of  Neef  s 
hammer.  As  long  as  c  Is  not  in  contact 
with  d,  g  h  remains  magnetic ;  thus  c  is 
attracted  to  d,  and  a  secondary  circuit, 
a,  i,  c,  d,  e,  is  formed ;  c  then  springs  back 
again,  and  thus  the  process  goes  on.  A 
new  wire  is  introduced  to  connect  a  with/. 
E,  Battery. 


XXVIII.] 


SINGLE  INDUCTION  SHOCKS. 


217 


^6^  Arrange  S  coil  with  short-circuiting  key  and  electrodes. 

"(c)  On  closing  the  key  in  the  deriving  circuit  the  current  in 
the  P  coil  is  diminished,  and  on  opening  it  the  P  current  is 
increased.  Induced  currents  of  opposite  directions  are  thereby 
produced,  which,  though  weaker  than  the  make  induction  shock, 
are  approximately  equal  to  each  other. 


Fig.  112. — Arrangement  to  approximately  equalise  M.  and  B.  shocks.  P,  Primary;  S, 
Secondary  coU ;  E,  Key  in  deriving  circuit,  Z>,  D. 

6.  To  cut  out  M  or  B  shock  (i). — Arrange  as  in  fig.  io8 — i.e., 
with  K  as  a  M  and  B  or  "  gap  "  key  in  the  P  circuit,  and  K'  as 
a  short-circuiting  or  "  bridge  key  "  in  the  S  circuit. 

To  cut  out  B  shook. — Open  K',  close  K,  when  a  M  shock  is 
obtained ;  close  K.',  and  open  K,  ready  to  begin  again. 

To  cut  out  M  shock. — Close  K',  then  close  K,  then  open 
successively  K'  and  K,  when  a  break  shock  passes  through  the 
electrodes.  > 

An  automatic  arrangement  may  be  used,  when  a  succession  of 
either  M  or  B  shocks  is  required. 

7.  Or  use  the  "rotating  key"  of  Brodie  (fig.  113).  It  consists  of  a 
horizontal  axis  supported  on  two  ebonite  uprights  fixed  to  an  ebonite  base. 
This  axis  consists  of  two  metal  rods,  A  B  and  C  D,  united  together  by  an 


Fig.  113.— Brodie's  "  rotating  key"  to  cut  out  the  M:  or  B  shock. 

insulating  piece  of  ebonite,  K.     A  B  passes  through  a  cup,  B,  cut  in  the 
upright  and  filled  with  mercury.      The  other  rod,  C,  D,  is  similarly  con- 
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neoted  to  the  second  upright.  Two  stout  wires,  S,  T,  lead  from  the  two 
mercury  cups,  E,  F,  to  two  binding  screws,  i  and  4  respectively.  Attached 
to  the  two  rods  are  two  metal  arms,  M  and  N,  which  can  be  rotated  round 
the  rods  and  clamped  in  any  position.  These  dip  into  two  mercury  troughs, 
P  and  Q,  which  are  respectively  attached  by  stout  wire  to  two  binding 
screws,  2  and  3. 

The  action  for  which  the  key  was  devised  is  as  follows  : — 

The  primary  circuit  is  connected  with  the  two  screws  3  and  4 ;  the 
secondary  and  a  pair  of  electrodes  with  the  screws  i  and  2.  Then,  as  the 
axis.  A,  D,  is  rotated,  the  arm,  M,  first  dips  into  the  trough,  P,  and  the 
secondary  circuit  is  thereby  short-circuited,  and  remains  so  during  the 
whole  time  the  arm,  M,  is  in  the  mercury.  While  this  is  still  in  the 
mercury  the  second  arm,  N,  enters  the  mercury,  Q,  and  the  primary 
circuit  is  thus  closed,  but,  as  the  secondary  is  short-circuited,  the  make 
induced  current  does  not  reach  the  electrodes.  On  rotating  a  little  further, 
the  arm,  M,  leaves  the  mercury,  and  shortly  after  the  arm,  N,  leaves  the 
mercury,  Q,  and  the  current  is  broken.  The  break  induced  current  can 
now  pass  through  the  electrodes  since  the  secondary  circuit  is  not  now 
short-circuited. 

By  reversing  the  rotation  only  make  shocks  can  pass  through  the 
electrodes,  the  break  shocks  being  short-circuited. 

The  key  may  also  be  used  in  other  ways.  By  placing  the  two  arms,  M 
and  N,  parallel  to  one  another,  the  key  may  be  used  to  close  two  circuits 
simultaneously — e.g.,  a  primary  current,  and  a  current  working  a  signal. 

Further,  by  altering  the  angular  distance  between  M  and  N,  and  having 
the  axis  driven  at  a  constant  rate,  the  key  may  be  used  for  sending  in  two 
successive  stimuli  at  different  intervals  of  time. 

8.  Extra-current  at  break  of  primary  current. — Remove  secondary 
coil,  use  only  primary,  and  connect  a  cell  with  the  binding  screws,  as  for 
single  M.  and  B.  shocks  inrerposing  a  simple  key.  Attach  the  electrode 
wires  to  the  same  binding  screws.  Close  the  primary  circuit.  Place 
electrodes  on  the  tongue,  and  open  the  key.  A  shock  will  be  felt  due  to  the 
self -induced  currents  in  the  primary  coil.     Remove  secondary  coils. 

9.  Extra-currents  at  M  and  B  of  primary  current. — Connect  a  cell 

through  a  simple  key  to  the  terminals  of  a  rheochord.    Connect  the  slider 

placed  hard  up  against  the  positive  pole — to  the  primary  coil  arranged  for 
single  shocks,  and  connect  up  these  binding  screws  through  a  simple  key 
with  the  nerve  of  a  N.M.  preparation.  Close  key  in  primary  circuit ;  make 
and  break  nerve  circuit.  The  muscle  contracts  at  make,  and  possibly  at 
break. 

Remove  slider  to  weaken  current  through  primary  circuit,  until  neither 
M  nor  B  of  nerve  circuit  is  effective.  Close  nerve  circuit  and  M  and  B 
primary  circuit;  contraction  at  M  and  B.  The  M  and  B  self -inducted 
currents  in  primary  cause  contraction,  although  the  galvanic  current  itself 
is  ineffective. 

[10.  Induotlon.  in.  nerves  from  primary  ooil. — Just  as  one  wire  with  a 
current  flowing  in  it  induces  a  current  in  an  adjacent  wire,  so  currents  are 
induced  in  a  nerve  brought  near  to  a  primary  circuit. 

Prepare  a  N.M.  preparation ;  lay  the  free  end  of  the  nerve  on  another 
part  of  the  nerve  or  on  the  muscle,  so  as  to  form  a  circle.  On  laying  this 
preparation  on  paraflSn  paper,  and  bringing  the  whole  near  the  primary 
coil,  contraction  occurs  at  M  and  B  of  the  primary  circuit.] 
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LESSON   XXIX. 

NERVE-MUSCLE   PREPARATION— DISSECTION- 
NORMAL   SALINE. 

1.  Pith  a  frog. — Wrap  the  body,  fore  and  hind  legs,  in  a  towel, 
leaving  the  head  projecting.  Stun  the  animal  by  giving  it  a 
sudden  blow  on  the  head.  Grasp  the  towel  with  the  little, 
ring,  and  middle  fingers  and  thumb  of  the  left  hand,  leaving 
the  index-finger  free.  With  the  index-finger  bend  down  the 
frog's  head  over  the  radial  surface  of  the  second  finger  until 
the  skin  over  the  back  of  the  head  is  put  on  the  stretch.  With 
the  nail  of  the  right  index-finger  feel  for  a  depression  where  the 
occiput  joins  the  atlas.  With  a  sharp,  narrow  knife  held  in 
the  right  hand,  divide  skin,  membrane,  and  bulb  transversely. 
Avoid  wounding  the  vertebral  arteries,  which  run  laterally. 
Destroy  brain — decerebration — with  a  seeker.  Only  the  brain 
may  be  destroyed,  or  the  spinal  cord  as  well.  To  prevent  oozing 
of  blood,  a  piece  of  a  wooden  match  or  piece  of  cotton  wool  may 
be  thrust  into  the  brain  cavity.  If  it  is  desired,  destroy  also 
the  spinal  cord  with  the  seeker  or  a  wire.  The  knife  used  must 
not  have  too  broad  a  blade,  else  two  large  blood-vessels  will  be 
injured.  The  operation  should  be  performed  without  losing 
any  blood. 

2.  Anatomy  of  nerve-muscle  preparation — Dorsal  dissection. — 
On  a  dead  frog  study  the  arrangement  of  the  muscles,  as  shown 
in  fig.  114.  Place  the  frog  on  its  belly — legs  extended — on  a 
frog-plate.  Slit  up  the  skin — from  trunk  to  foot — covering  the 
back  of  the  leg.  Pin  the  skin  aside,  and  view  the  exposed 
muscles  from  behind.  On  the  outside  of  the  thigh,  the  triceps 
jflsmoris  (tr),  composed  of  the  rectus  anterior  (ra),  the  vastus 
externus  (■ye),  and  the  vastus  internus,  not  seen  from  behind.  On 
the  median  side,  the  semi-membranosus  (sm),  and  between  the  two 
the  small  narrow  biceps  (b).  The  biceps  is  readily  observed, 
at  the  lateral  margin  of  the  large  semi-membranosus,  by  its 
shining  tendon  in  the  middle  of  the  lower  half  of  the  thigh. 
Notice,  also,  the  coccygeo-iliacus  (ci),  the  gluteus  (gl),  the  pyri- 
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formis  (p),  and  the  rectus  i/ntemus  minor  (ri).  In.  the  leg,  the 
gastrocnemius  (g),  with  its  tendo  Achillis,  the  tibialis  anticus  (ta), 
and  the  peroneus  (pe).  Slit  up  the  skin  over  the  back,  and 
note  the  fine  white  dorsal  cutaneous  nerves  which  traverse  the 
extensive  dorsal  lymph  sac. 

(a)  Remove  the  skin  from  the  leg  of  a  frog ;   with  a  blunt 
needle,  seeker,  finder,  or  a  pointed  glass  rod,  gently  tear  through 


Kg.  114.— Muscles  of  left  leg  of  frog 
from  behind,  d,  Coooygeo-iliaous  ; 
gl,  (Jluteua ;  p,  Pyriformis ;  ra,  Rectus 
anterior;  ve,  Vastus  extemus;  tr, 
Triceps;  ri,  Sect.  int.  minor;  sm, 
Seml-membranosus  ;  b.  Biceps  ;  g, 
Gastrocnemius ;  ta,  Tibialis  anticus ; 
pe,  Peroneus. 


Fig.  115. — Distribution  of  the  sciatic 
nerve  (I.)  of  the  frog  (see  also  fig. 
114).  St,  Semitendinosus  ;  ttd'", 
Adductor  magnus ;  (II.)  its  tibial, 
and  (III.)  peroneal  divisions. 


the  fascia  covering  the  thigh  muscles.     Separate  the  semi-mem- 
branosus  from  the  narrow  biceps,  and  in  the  interval  between 
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them  beneath  the  biceps  observe  the  sciatic  nerve  and  \ih.e  feTnoral 
vessels,  the  sciatic  artery  crossing  the  nerve  from  without  in- 
wards. The  dark  coloured  vein  runs  with  the  artery  in  the 
lower  part  of  the  thigh,  but  above  it  diverges  to  join  the  renal 
portal  vein.  Carefully  isolate  both,  beginning  at  the  knee, 
where  the  nerve  divides  into  two  branches — the  tibial  and 
peroneal — and  work  upwards  (fig.  115).  In  clearing  the  nerve, 
two  small  lateral  branches  have  to  be  cut.  The  corresponding 
muscles  contract  owing  to  the  mechanical  stimulation  of  their 
nerves. 

The  tibial  or  inner  branch  passes  over  the  knee-joint  towards  the  middle 
plane,  and  enters  the  under  surface  of  the  gastrocnemius ;  the  peroneal 
branch  passes  between  the  lateral  tendinous,  origin  of  the  gastrocnemius 
arid  the  tendon  of  the  biceps,  and  then  under  the  latter. 

(6)  Follow  the  nerve  upwards  to  the  vertebral  column,  and 
observe  that  it  is  necessary  to  divide  the  pyriformis  (ji),  and 
also  the  ilio-coccygeal  muscle ;  lift  the  urostyle,  cut  it  away, 
keeping  the  scissor  points  close  to  the  bone,  when  three  spinal 
nerves — the  7th,  8th,  and  9th — which  form  the  sciatic  nerve, 
come  into  view.  Keep  them  moist  by  covering  with  filter  paper 
soaked  in  normal  saline.  On  its  way  from  the  sacral  plexus  to 
the  thigh,  it  gives  off  cutaneous  and  muscular  branches  for  the 
pelvis  and  thigh. 

3.  Hyoglossus  preparation  (Lesson  XXXV.). 

4.  Sartorius  (Lesson  XXXI.). 

5.  Double  semi-membranosus  and  graoiUa  (Fick's  method). — I  am 
indebted  to  the  late  Professor  Fick,  of  Wiirzburg  (+1901),  and  Professor 
Schenck,  now  of  Marburg,  for  showing  me  this  method. 

(a)  In  a  pithed  frog  divide  the  fascia  at  the  outer  margins  of  the  semi- 
membranosus and  gracilis,  until  the  insertion  of  these  two  muscles  at  the 
knee  is  reached,  then  divide  the  bone  just  under  the  knee-joint,  so  that 
the  osseous  insertion  of  both  muscles  is  retained.  Divide  the  femur  just 
above  the  knee-joint,  and  separate  all  the  muscles  inserted  into  it,  save 
the  two  muscles  one  is  isolating.  Separate  the  two  muscles  up  to  the 
symphysis.  Leave  the  two  muscles  in  connection  with  the  symphysis, 
divide  the  other  muscles,  disarticulate  the  femur  at  the  acetabulum.  In 
preparing  the  muscles  in  this  way  the  semi-tendinosus  is  usually  left. 
It  is  easy  to  separate  it  by  dividing  its  insertion  into  the  femur,  and  then 
its  two  heads  at  the  pelvis. 

(fe)  Make  a  similar  dissection  on  the  opposite  side.  Bore  a  hole  with  an 
awl  through  both  acetabula.  Through  this  a  hpok  can  be  placed.  We 
have  two  muscles  with  nearly  straight  fibres  which  can  be  placed  "side 
by  side,"  thus  giving  a  short  muscle  with  large  sectional  area,  or  they  can 
be  placed  "one  behind  the  other,"  a  piece  of  bone,  the  symphysis  inter- 
vening— i.e.,  equivalent  to  a  long  muscle  with  half  the  sectional  area. 

6.  Indifferent  fluids— Normal  saline. — Dissolve  6  to  7-5  grms.  of  dried 
sodium  chloride  in  1000  c.c.  of  tap  water.  This  is  the  best  fluid  to  use  to 
moisten  the  tissues  of  the  frog,  when  a  large  quantity  is  required.    A  solu- 
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tion  containing  0'6  to  075  p.o.  of  NaCl  is  supposed  to  be  "isotonic''  with 
the  tissues  of  the  frog — i.e.,  it  neither  takes  from  nor  gives  water  to  the 
tissues.  It  is,  however,  not  so  "  indiflferent "  as  its  name  would  imply 
(Lesson  XXX.).  For  mammals,  normal  saline  O'gp.c.  is  used.  The  tissues 
should  be  moistened  rather  than  soaked  in  the  fluid.  Mendel  suggests  the 
term  "isotonic  saline"  instead  of  "  normal  saline";  a  o'6  p.c.  NaCl  is  an 
indiflferent  fluid  only  for  the  frog.  The  principle  is  an  important  one — 
viz. ,  the  use  of  isotonic  fluids.  For  nerve  the  aqueous  humour  of  the  frog's 
eye  is  the  best.  It  can  readily  be  obtained  by  perforating  the  cornea  with 
a  fine  glass  pipette. 

[The  standard  work  on  the  frog  is  Die  Anatomie  des  Frosches,  by 
A.  Ecker;  translated  by  6.  Haslam,  1889.  New  German  edition  (3rd) 
by  R.  Wiedersheim  and  E.  Gaupp,  1896,  1899,  1901.] 
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NERVE  -  MUSCLE     PREPARATION"  —  MECHANICAL, 
CHEMICAL,    THERMAL    STIMULI. 

1.  Nerve-muscle  preparation. — Frog,  seeker,  scalpel,  a  small 
and  a  large  pair  of  scissors,  forceps,  towel,  and  a  frog-plate. 

(A)  (a)  Destroy  the  brain  and  spinal  cord  of  a  frog,  and 
place  it  on  its  belly  on  a  frog-plate.  With  scissors  make  an 
incision  through  the  skin  along  the  back  of  one  thigh — say  the 
left — from  the  knee  to  the  lower  end  of  the  coccyx,  and  prolong 
the  incision  along  the  back  a  little  to  the  left  of  the  urostyle. 
Reflect  the  skin,  and  expose  the  muscles  shown  in  fig.  114. 

(6)  Gently  separate  the  semi-membranosus  and  biceps  with  the 
"  seeker,"  bo  as  to  bring  into  view  the  sciatic  nerve  and 
femoral  vessels.  Some  use  a  glass  rod  drawn  to  a  thin,  slightly- 
bent  point,  instead  of  a  "  seeker."  Still  working  with  the 
seeker  and  beginning  near  the  knee,  clear  the  sciatic  nerve,  but 
do  not  scratch  or  stretch  the  nerve,  or  touch  it  with  forceps. 
Divide  the  pyriformis  and  ilio-coccygeus,  and  trace  the  nerve 
up  to  the  vertebral  column. 

(c)  Divide  the  spinal  column  above  the  seventh  lumbar 
vertebra ;  seize  the  tip  of  the  urostyle  with  forceps,  raise  it,  and 
with  strong  scissors  free  it  from  its  connections  as  far  as  the  last 
lumbar  vertebra,  and  then  divide  the  urostyle  itself.  Divide 
the  left  iliac  bone  above  and  below,  and  remove  it  with  its 
attached  muscles.  The  lumbar  plexus  now  comes  into  view. 
Bisect   lengthways   the    three    lower   vertebrae,   and    use    the 
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quadrilateral  piece  of  bone  to  manipulate  the  nerve.  With 
forceps  lift  the  fragment  of  bone,  and  with  it  the  sciatic  nerve ; 
trace  the  latter  downwards  to  the  knee,  dividing  any  branches 
with  fine  scissors.     Moisten  with  normal  saline. 

(d)  Divide  the  skin  over  the  gastrocnemius,  and  expose  this 
muscle.  Gut  the  tendo  Achillis  below  its  fibro-cartilage,  lift 
the  tendon  with  forceps  and  detach  the  gastrocnemius  from  its 
connections  as  far  up  as  the  lower  end  of  the  femur.  Out  across 
the  knee-joint,  and  remove  the  tibia  and  fibula  with  their 
attached  muscles.  Taking  care  to  pre- 
serve the  sciatic  nerve  from  injury,  clear 
the  muscles  away  from  the  lower  end  of 
the  femur,  and  then  divide  the  femur 
about  its  middle.  This  preparation  (fig. 
1 1 6)  consists  of  the  gastrocnemius,  and 
the  whole  length  of  the  sciatic  nerve,  to 
which  is  attached  a  fragment  of  bone, 
by  which  the  preparation  can  be  mani- 
pulated without  injuring  the  nerve. 
N.B.  (i) — Leave  a  small  piece  of  the 
vertebral  column  attached  to  the  nerve. 
(2)  Cut  the  tendon  as  long  as  possible, 
and  separate  the  muscle  from  below  up- 
wards. (3)  Leave  \  inch  of  femur  attached 
to  muscle.  (4)  The  nerve  must  not  be 
held  or  pinched  with  forceps,  nor  should 
it  be  pulled  on.  (5)  Keep  it  and  muscle 
moist  with  normal  saline.  It  must  not 
be  allowed  to  dry.  Cover  it  with  blotting-paper,  moistened 
with  normal  saline.  (6)  The  outer  surface  of  the  skin  must 
not  be  allowed  to  touch  the  muscle  or  nerve. 

(B)  (a)  Rapid  metbod. — Destroy  a  frog's  brain  and  spinal  cord.  With 
the  left  hand  seize  the  hind  limbs  and  hold  the  frog  with  its  belly  down- 
wards. With  one  blade  of  a  sharp-pointed  pair  of  scissors  transfix  the 
body  behind  the  shoulder-blades,  and  divide  the  spinal  column.  The  head 
now  hangs  down,  and  by  its  weight  it  pulls  the  ventral  from  the  dorsal 
parts. 

(6)  With  the  scissors  divide  the  wall  of  the  abdomen  on  both  sides 
parallel  to  the  vertebral  column,  and  remove  the  abdominal  viscera.  With 
the  left  hand  seize  the  upper  end  of  the  divided  spinal  column,  and  with 
the  right  the  skin  covering  it,  and  pull.  The  lower  end  of  the  trunk  and 
the  lower  limbs  are  denuded  of  skin. 

(c)  Take  the  thigh  muscles  between  the  thumb  and  forefinger  of  the  left 
hand,  and  with  the  point  of  one  blade  of  a  pair  of  scissors  tear  through  the 
fascia  between  the  biceps  and  semi-membranosus  to  expose  the  sciatic 
nerve,  and  then  proceed  as  directed  in  1, 


Fig.  116, — Nerve  -  muscle 
preparation.  S,  Sciatic 
nerve— the  fragment  of 
the  spinal  column  is  not 
shown  ;  F,  Femur ;  and 
/,  Tendo  Achillis. 
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(4)  Electrical- 


3.  Stimulation 


2.  The  most  obvious  function  of  the  skeletal-muscular  tissue 
is  that  it  reacts  only  in  response  to  stimuli.  Stimuli  may  be 
applied  direct  to  the  muscle  itself — direct  stimulation ;  or  to  the 
motor  nerve  of  the  muscle — indirect  stimulation. 

Stimuli  may  be  classified  as  follows  : — 

(i)  Mechanical,  e.g.,  cutting,  pinching,  or  tapping  a  nerve  or 
muscle. 

(2)  Chemical,  e.g.,  by  dipping  the  tissue  in  a  saturated  solution 
of  common  salt  or  glycerin. 

(3)  Thermal,  e.g.,  applying  a  heated  wire, 
(as)   Continuous  current. 

(b)  Single  induction  shocks. 

(c)  Interrupted  current  or  repeated  shocks. 

(d)  Equalised  repeated  shocks. 

(e)  [Condenser  shocks.^ 
muscle    and   nerve. — It  is  convenient  to 

modify  somewhat  the  physiological  limb,  in  order  to  render  the 
muscular  contraction  more  visible.  Apparatus. — Seeker,  scalpel, 
scissors,  forceps,  straw  flag,  pins,  muscle-forceps,  camel-hair 
brush,  saturated  solution  of  common  salt  in  a  glass  thimble, 
ammonia,  copper  wire,  spirit  lamp  or  gas-flame. 

4.  Mechanical  stimulation. — (a)  Prepare  a  N.M.  preparation, 
isolating  the  sciatic  nerve,  but  modify  the  subsequent  details  as 
follows  : — 

(6)  After  the  nerve  is  cleared  as  far  as  the  spine,  cut  away 
the  muscles  from  the  femur,  and  divide  the  latter  about  its 
middle.  Divide  the  sciatic  nerve  as  high  up  as  possible.  Pin  a 
straw  flag  to  the  toes  by  means  of  two 
pins.  Fix  the  femur  in  a  clamp  or  pair 
of  muscle-forceps,  supported  on  a  stand 
(fig.  117),  taking  care  that  the  gastro- 
cnemius is  upwards.  The  nerve  hangs 
down,  and  must  be  manipulated  with 
a  camel-hair  brush  dipped  in  normal 
saline,  or  by  means  of  a  glass  seeker. 

(c)  Pinch  the  free  end  of  the  nerve 
sharply  with  forceps ;  the  muscles  con- 
tract. No  change  is  visible  in  the 
nerve,  but  the  straw  flag  is  suddenly 
Cut  off  the  dead  part  of  the  nerve  with 


rig.  117.— straw  flag  attached 
to  a  frog's  leg  fixed  in  a 
clamp.    jV,  Nerve  ;  F,  Flag. 


raised  and  depressed. 

scissors  ;  contraction  also  occurs.         ' 

(d)  Prick  the  muscle  with  a  needle,  it  contracts  ;  or  strike  it 
smartly  with  the  handle  of  a  scalpel. 
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It  is  sufficient  to  expose  one  sciatic  nerve  in  situ,  and  observe 
the  movements  of  the  foot  and  leg. 

For  the  "  muscle-telegraph  "  of  du  Bois-Reymond,  see  Appendix. 

(e)  A  tetanomotor  is  sometimes  employed,  but  the  part  stimulated  is  apt 
to  be  injured  by  the  stimuli.  Heidenhain  (1856)  devised  a  tetanomotor 
for  this  purpose.  It  consisted  of  a  Wagner  or  Neef's  hammer,  with  one 
end  prolonged  and  carrying  a  small  ivory  hammer,  which  beat  the  nerve 
placed  under  it.  The  same  result  is  obtained  by  attaching  a  piece  of  lead 
to  the  vibrating  style  of  a  "time  marker"  (Lesson  XXXV.  Recently 
V.  UexkiUl  has  devised  apparatus  for  this  purpose  {Zeits.  f.  Biol. ,  Bd.  xxxi. ). 
'  Ewald  and  Sohafer  have  used  the  stimulus  obtained  by  drops  of  mercury 
falling  on  the  nerve  from  a  reservoir  (Joum.  of  Phya. ,  xxvi. ). 

(/)  Meohanioal  stimulation  by  removal  of  pressure.— Place  the  nerve 
of  a  nerve-muscle  preparation  on  a  moist  glass  plate,  press  the  nerve 
slowly  and  steadily  with  a  curved  1  mm.  thick  glass  hook.  If  pressure  be 
applied  steadily  and  uniformly  the  nerve  is  not  excited,  but  on  suddenly 
removing  the  pressure  the  muscle  contracts  {v.  UexMll). 

N.B. — Pressure  may  be  applied  slowly  and  steadily,  and  the  nerve 
destroyed  functionally  without  causing  a  contraction  of  its  muscle. 

5.  Thermal  stimulation. — To  the  same  preparation  apply, 
either  to  muscle  or  nerve,  a  stout  copper  wire  heated  to  a  dull 
heat ;  a  contraction  results  in  either  case.  Cut  off  the  dead  part 
of  the  nerve. 

6.  Chemical  stimulation. 

(a)  Place  saturated  solution  of  common  salt  in  a  glass 
thimble,  or  on  a  slide,  and  allow  the  free  end  of  the  nerve  to 
dip  into  it.  The  nerve  floats  on  the  surface  of  the  fluid,  but 
the  salt  diffuses  into  the  nerve.  After  a  feV  moments  the 
joints  of  the  toes  twitch,  and  by-and-by  the  whole  limb  is 
thrown  into  irregular,  flickering  spasms,  which  terminate  in  a 
more  or  less  continuous  contraction,  constituting  salt  tetanus, 
but  the  contractions  are  not  completely  fused.  Cut  off  the  part 
of  the  nerve  affected  by  the  salt;  the  spasms  cease.  Some 
apply  finely-powdered  salt  to  the  nerve,  others  glycerine. 

(6)  Using  a  similar  preparation,  cover  the  leg  with  the  skin  of 
the  frog,  or  wrap  it  in  blotting-paper  saturated  with  normal 
saline.  Expose  the  fresh-cut  end  of  the  nerve  to  the  vapour  of 
strong  ammonia.  The  ammonia  must  not  act  directly  on 
muscle,  hence  the  glass  vessel  must  be  placed  above  the  nerve, 
and  the  nerve  raised  to  the  ammonia.  There  is  no  contraction 
of  the  muscle,  but  the  ammonia  kills  the  nerve. 

Instead  of  doing  this,  the  whole  leg  may  be  laid  on  a  card  with  a  hole  in 
it  just  sufficient  to  allow  the  sciatic  nerve  to  pass  through  it,  the  whole 
being  covered  with  blotting-paper  moistened  with  normal  saline.  The 
card  is  placed  over  a  test-tube  containing  a  drop  of  ammonia ;  the  nerve 
hanging  in  the  vapour  of  the  latter  is  speedily  killed,  but  there  is  no  con- 
traction of  the  muscle.     Apply  ammonia  to  the  muscle ;  it  contracts. 

15 


226  PRACTICAL  PHYSIOLOGY.  [XXXI. 

(c)  Dissect  out  a  sartorius  ;  hold  it  over  ammonia,  it  curls  up  ( "  con- 
tracture ").    '(Lesson  XXXI.,  6.) 

Although  ammonia  applied  directly  to  a  motor  nerve  does  not  cause  con- 
traction of  the  corresponding  muscle,  yet  when  it  is  applied  to  the  central 
end  of  the  divided  vagus  of  a  rabbit  it  causes  marked  reflex  movements  of 
the  respiratory  muscles. 

(d)  How  does  muscle  respond  to  indirect  stimulation  by  glycerine  or 
alcohol  ? 

[(e)  Place  a  sartorius  in  "  normal  saline "  for  20  minutes.  If  then  its 
muscle  curve  be  recorded,  in  response  to  a  single  maximum  induction  shock, 
it  will  give  not  a  simple  twitch,  but  a  tetaniform  contraction.  Therefore, 
so-called  "normal  saline  "  is  not  without  its  influence  on  muscle  tissue. 

(/)  Presence  of  calcium. — If  the  above  muscle  be  now  placed  in  normal 
saline  (o'6  p.c),  to  which  10  p.c.  of  a  saturated  solution  of  calcium  sulphate 
is  added,  the  tetaniform  contraction  will  disappear,  and  the  response  will 
be  a  single  twitch.  Calcium  salts  play  an  important  part  in  the  main- 
tenance of  the  excitability  of  several  tissues.  It  is  partly  for  this  reason 
that  tap  water  and  not  distilled  water  is  used  for  making  normal  saline. 

[g)  Distilled  water. — Observe  efiect  produced  in  a  sartorius  due  to  with- 
drawal of  certain  substances  by  osmosis.     It  is  a  powerful  poison  (Porter).] 

(h)  Chemical  stimulation  and  rhythmical  response. — Dissolve  in  1000 
c.c.  water,  NaCl  5  grms.,  Na^HPOi  2  grms.,  and  NajCOj  0-4  grm.  (Bieder- 
mann's  fluid),  and  suspend  in  it  a  sartorius.  Usually  the  muscle  contracts 
rhythmically.   Here  the  stimulus  is  a  constant  one,  the  response  rhythmical. 

7.  Drying. — If  the  nerve  be  allowed  to  hang  free  in  the  air  for 
some  time,  it  gradually  dies,  and  the  muscles  twitch  irregularly 
(movements  of  toes).  If  the  excitability  of  the  nerve  be  tested 
with  induction  shocks  it  will  be  found  to  be  increased  at 
first,  but  it  disappears  rapidly  as  the  nerve  dries.  Moisten  the 
nerve  with  normal  saline  and  the  twitching  may  cease.  Glycerine 
may  act  as  a  stimulus  by  absorbing  water. 


L'ESSON  XXXI. 


SINGLE  AND  INTERRUPTED  INDUCTION  SHOCKS 
—TETANUS— CONSTANT  CURRENT. 

1.  Electrical  stimuUtion. — Single  induction  shocks — Apparatus. 
— Cell,  coil,  two  du  Bois  keys  (or  one  spring  or  mercury  key 
and  one  du  Bois  key,  the  last  to  be  used  as  a  short-circuiting 
key),  five  wires,  electrodes. 

(a)  Arrange  a  cell  and  coil  for  single  induction  shocks  (fig. 
118)  with  a  spring  conta,ct-key  or  Hg-key  in  the  P  circuit. 
Electrodes  are  fixed  to  the  du  Bois  short-circuiting  key,  K',  in 
the  S  circuit,  and  over  them  place  the  nerve. 
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(6)  Expose  the  sciatic  nerve  in  a  pithed  frog,  place  it  on 
electrodes — preferably  a  pair  fixed  in  ebonite,  and  so  shielded 
that  only  one  surface  of  their  platinum  terminals  is  exposed 
under  it ;  or  use  ordinary  electrodes.  Pull  the  S  coil,  S,  far 
away — say  25  cm.— from  the  P  coil,  raise  the  short-circuiting 
key,  K',  make  and  break  the  primary  circuit  by  means  of  the 
key,  K.     At  first  there  may  be  no  contraction,  but  on  approxi- 


s^^ 


Fig.  ii8.— Scheme  for  single  induction  shocks.     B,  Battery ;  K,  K',  Keys ;  P,  Primary, 
and  S,  Secondary  coil  of  induction  ;  iV,  Nerve ;  M,  Muscle. 

mating  the  S  to  the  P '  coil  a  single  muscular  twitch  or  con- 
traction will  be  obtained,  first  with  the  break  shock,  and  on 
approaching  the  S  nearer  to  the  P  coil,  also  with  the  make. 
Find  the  distance  at  which  the  minimal  break  result  is  obtained, 
as  shown  by  the  contraction  of  the  muscles,  first  shown  in  the 
twitching  of  the  toes.  Then  push  up  till  contraction  is  also 
obtained  at  make.  Weaker  currents  are  required  than  those 
used  to  give  a  sensation  from  stimulating  a  sensory  surface  like 
the  tongue.  The  one  is  called  a  make  and  the  other  a  break 
contraction.  Enter  in  a  note-book  the  results  obtained.  N.B. — 
In  all  cases  the  student  should  keep  an  account  of  the  experi- 
ment, and  especially  of  all  numerical  data  connected  therewith, 
e.g.  :— 

Single  M  cmd  B  shocks — Du  Bois  coil,  DanieU. 


Distance  of  P  from  S  coil 
=  in  cm. 

Kesponse  at 
Make  (M). 

Response  at  Break 
(B). 

4S 
44 

0 
0 

0 
Min.  twitch. 

43 

42 

0 
0 

Slight      „ 
Stronger  „ 

41 
20 

0 
0 

Max.        ,, 

19 
18 

Slight  twitch. 
Max.        ,, 
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[A  very  good  exercise  is  to  stimulate  any  exposed  muscles  of  a 
frog.  Stimulate  them  directly  as  a  whole,  or  stimulate  certain 
fibres  to  observe  the  action  of  these  fibres  in  producing  move- 
ments in  the  parts  to  which  they  are  attached — e.g.,  exposed 
pectoralis  in  flexing  and  adducting  rapidly  the  fore  limb.] 

Compare  ordinary  with  Helmholtz  arrangement,  and  tabulate 
the  results  as  follows,  to  show  the  distance  of  the  S  coil  at 
which  mechanical  response  first  occurs  : — 


QpdiDary  du  Boia- 
Beymond  Coil. 

With  Helmholta's 
Modification. 

Nerve  make, 
,,     break. 

The  same  may  be  done  by  applying  the  electrodes  directly  to 
the  gastrocnemius  muscle — i.e.,  direct  stimulation,  that  through 
the  nerve  being  indirect  stimulation. 


Ordinary  du  Bois- 
Keymond  Coil. 

With  Helmholtz's 
Modification. 

Muscle  make, 
„      break,      . 

2.  Interrupted  current  or  repeated  shocks. 

(a)  Arrange  the  induction  machine  so  as  to  cause  Neefs 
hammer  to  vibrate  (Lesson  XXVIII.,  2).  Slide  the  S  coil  to 
30  to  35  cm.,  and  stimulate  the  nerve  or  push-up  coil,  and  note 
when  response  is  first  obtained.  The  distance  will  be  greater 
than  for  single  shocks,  because  the  make  and  break  of  the  P 
current  are  regular  and  rapid,  and  also  because,  although  single 
shocks  may  be  inadequate,  they  become  adequate  when  repeated. 
On  applying  a  strong  current,  at  once  the  muscle  is  thrown  into 
a  state  of  rigid  spasm  or  continuous  contraction,  called  tetanns, 
this  condition  lasting  as  long  as  the  nerve  or  muscle  is  stimulated, 
or  until  exhaustion  occurs, 

(6)  Stimulate  different  nerves. — Stimulate  the  seventh,  eighth, 
or  ninth  nerves,  near  the  spinal  column,  or  the  peroneal  or  tibial 
nerves,  with  different  strengths  of  current,  and  observe  the 
results  on  the  flexors  and  extensors  of  the  limb. 
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iig. — Scheme  of  con- 
stant current.  B,  Battery ; 
Kt,  Short-circuiilDg  key; 
Jf,  Nerve ;  M,  Muscle. 


3.  Constant  current — Apparatus. — Cells,  du  Bois  key  (or, 
preferably,  a  contact  key),  four  wires,  electrodes,  forceps,  and 
N.M.  preparation;  or  simply  expose  the  sciatic  nerve  in  situ. 

(a)  If  two  or  more  cells  be  used,  always  connect  them  in 
series — i.e.,  the  +  pole  of  one  cell  with  the  —  pole  of  the  next. 
Connect  two  wires,  as  in  fig.  119,  to  the  free  +  and  -  poles  of 
the  battery  B,  and  introduce  a  du  Bois 
key,  K',  to  short-circuit  the  battery  circuit. 
Fix  two  shielded  electrodes  in  the  other 
binding-screws  of  the  du  Bois  key,  and 
having  prepared  a  nerve-muscle  prepara- 
tion,  lay  the  divided  sciatic  nerve,  N, 
across  them,  as  shown  in  fig.  119.  A 
simple  key  to  make  or  break  the  current, 
is  preferable  to  the  short-circuiting  key, 
as  the  latter  allows  polarisation  currents 
to  pass  when  it  is  closed. 

(6)  Make  and  break  the  current,  and 
a  single  muscular  contraction  or  twitch  is 
obtained,  either  at  make  or  break,  or  both. 
If  the  key  be  raised  to  allow  the  current  to  flow  continuously 
through  the  nerve,  no  contraction  occurs,  provided  there  be  no 
variation  in  the  intensity  of  the  current.  Contraction,  however, 
does  take  place  under  certain  conditions  during  the  flow  of  a 
galvanic  current,  either  through  nerve  or  muscle.  The  elec- 
trodes may  also  be  applied  to  the  muscle  directly. 

(c)  Rapidly  make  and  break  the  current  by  opening  and 
closing  the  key  ;  a  more  or  less  perfect  tetcmus  is  produced.  If 
imperfectly  fused  it  is  called  clonus. 

(d)  To  test  the  effect  of  a  constant  current  on  muscle  alone, 
then  the  terminations  of  the  motor  nerves  in  the  muscle  must 
have  been  paralysed  previously  by  curare.  The  electrodes  must 
be  applied  directly  to  the  muscle. 

The  above  results  would  seem  to  indicate  that  a  muscle  is 
stimulated  only  by  sudden  changes  in  the  intensity  of  the 
current,  a  view  propounded  by  du  Bois-Reymond  (Lesson 
XXXII.).  There  are,  however,  important  exceptions,  more 
especially  in  sluggish  contractile  tissue — e.g.,  smooth  muscle. 

(e)  Sudden  change  in  intensity  of  a  constant  current.— Set  up 
a  cell  connecting  the  poles  through  a  closed  du  Bois  key,  A. 
Connect  a  second  cell,  the  copper  with  one  binding-screw  of  A. 
To  the  other  binding-screw  attach  the  wire  of  an  electrode 
connected  with  a  muscle.  Between  the  zinc  of  the  second  cell 
and  the  other  electrode  applied  to  the  muscle  introduce  a  simple 
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make  and  break  du  Bois  key,  B.  Close  B  =  contraction.  Open 
A,  which  suddenly  increases  the  strength  of  the  current  = 
contraction  or  twitch. 

(/)  Gradual  change Arrange  two  cells  in  series,  and  connect 

the  outer  zinc  through  a  simple  M  and  B  key  to  one  (O)  end  of 
a  metre  rheochord,  and  the  outer  copper  to  the  other  end. 
Connect  O  end  of  the  rheochord  with  an  electrode  resting  on  the 
muscle,  and  the  other  electrode  with  the  slider.  Bring  the 
slider  close  up  to  O — i.e. — pole,  so  that  only  a  small  fraction  of 
the  current  passes  through  the  tissue.  Close  the  key ;  the 
muscle  will  contract.  With  the  key  closed  move  the  slider 
slowly  along  the  wire  ;  an  increasing  amount  passes  through  the 
muscle,  still  it  does  not  contract. 

(g')  Constant  current  and  simple  rheochord. — With  simple  rheochord  (fig. 
103)  test  the  effect  of  varying  strength  and  direction — using  a  commutator 
with  crossbars — on  the  contraction  when  the  current  is  applied  to  a  nerve. 
The  nerve  should  be  laid  over  N.P.  electrodes. 

(A)  The  effect  of  a  constant  current  on  smooth  muscle  and  those  under 
certain  conditions  on  muscle  and  nerve,  are  referred  to  later  (Lesson  LII.). 
4.  Muscle  on  mercury. — Lay  the  muscle  of  a  nerve-muscle  preparation 
on  the  surface  of  mercury.     Stimulate  the  nerve,  the  muscle  contracts, 
but   does   not    elongate ;    it  shows   little  ten- 
dency to  elongate  unless  it  be  weighted. 

5.  Dead  muscle  and  nerve. — Immerse  a 
nerve-muscle  preparation  for  a  few  minutes  in 
water  at  40°  C.  Both  are  killed,  and  none  of 
the  above  stimuli  cause  contraction. 

€.  Sartorius  (Dissection  of). — A  muscle 
with  parallel  fibres. 

Lay  a  pithed  frog  on  its  back,  and 
remove  the  sartorius.  The  thin  narrow 
sartorius  (fig.  120),  stretching  from  the 
ilium  to  the  tibia,  is  best  seen  if  it  be 
moistened  with  blood,  which  difieren- 
tiates  its  edges.  Raise  its  tibial  tendon, 
and  round  it  tie  a  fine  silk  thread. 
Gradually  raise  the  muscle  by  means  of 
the  thread,  and  with  fine  scissors  cut 
it  free  from  its  fascial  connections  right 
up  to  the  ilium.  Cut  it  out  with  the 
ilium  attached.  Its  nerve  enters  on 
its  under  surface  about  the  middle  of 
the  muscle.  Stretch  it  on  a  slip  of  glass 
or  hang  it  up  by  its  iliac  bony  attachment  in  a  clamp  (Lesson 
XXXIII.,  4). 


Fig.  120. — Muscles  of  left  leg 
of  frog  seen  from  the  front, 
ip,  Ileo-psoas  ;  x,  Sartorius  ; 
ad ',  Adductor  longua ;  m, 
Vastus  internus  (See  figs. 
114  and  115.) 
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7.  Unipolar  stimulation  (Induction  shocks  have  great  power  of 
overcoming  resistance).  Apparatus. — Cell,  coil,  du  Bois  keys, 
(muscle-chamber),  wires,  electrodes. 

A.  (a)  Place  a  frog  on  a  dry  cork  plate,  or  glass,  or  block  of 
paraffin,  and  expose  its  sciatic  nerve.  Arrange  a  coil  for  fara- 
disation with  the  electrodes  short-circuited,  and  placed  under 
the  sciatic  nerve  clear  of  all  adjoining  muscles.  Open  the  short- 
circuit  key  and  find  a  strength  of  current  (S  coil  at  25  to  30  cm.) 
which  on  faradisation  gives  feeble  tetanus. 

(6)  Disconnect  one  electrode  wire  from  the  preparation,  so 
that  only  one  terminal  is  in  connection  with  the  nerve.  There 
is  no  contraction  when  the  secondary  key  is  open.  Insulate  the 
preparation  by  placing  it  on  a  block  of  paraffin  or  dry  beaker. 

(c)  Find  the  distance  of  the  secondary  coil  (8  tb  10  cm.)  at  which 
no  response  is  obtained  with  unipolar  stimulation,  but  a  response 
is  obtained  when  the  preparation  is  touched  with  finger.  Why 
is  there  a  response  1  Because  by  touching  the  preparation  one 
suddenly  diminishes  the  resistance  to  the  passage  of  the  induc- 
tion currents  to  earth. 

B.  (a)  Set  up  a  cell  and  coil  with  electrodes  for  single  shocks. 
Disconnect  one  of  the  electrodes  of  the  S  coil,  the  other  one 
being  under  the  sciatic  nerve  or  the  nerve  of  a  N.M.  prepara- 
tion insulated  on  a  glass  plate.  If  the  frog  is  on  a  frog-plate, 
put  the  frog-plate  on  a  dry  beaker  to  insulate  it.  No  contraction 
occurs  at  make  or  break. 

(b)  Connect  the  disconnected  electrode  to  a  gas-pipe,  and  so  to 
the  earth.  Contraction  takes  place  at  make  or  break.  JV.B. — 
Unipolar  stimulation  is  due  to  defective  insulation,  and  it  i^  in 
order  to  avoid  unipolar  stimulation  that  a  du  Bois  key  is  used 
to  short-circuit  the  secondary  circuit,  as  an  ordinary  break-key 
always  allows  especially  strong  induction  currents  to  pass  to  the 
preparation. 

C.  (a)  Oonneot  the  battery  to  the  P  coil  either  for  single  shocks  or 
tetanus,  introducing  a  du  Bois  key  in  the  circuit.  Connect  one  wire  with 
the  S  coil,  and  attach  it  to  one  of  the  binding  screws  on  the  platform  of 
the  muscle-ohamber,  to  which  the  nerve  electrodes  are  attached.  See  that 
the  battery  and  induction  machine  are  perfectly  insulated  by  supporting 
them  on  blocks  of  paraffin. 

(6)  Prepare  a  N.M.  preparation,  and  arrange  it  in  the  muscle-chamber 
in  the  usual  way,  laying  the  nerve  over  one  electrode.  One  of  the  elec- 
trodes will  therefore  be  connected  with  the  secondary  circuit. 

(c)  Make  and  break  the  primary  circuit ;  there  is  no  contraction. 

(d)  Destroy  the  insulation  of  the  preparation  by  touching  the  muscle,  or 
what  does  better,  allow  the  brass  support  of  the  muscle  to  touch  a  piece  of 
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moist  blotting-paper  on  the  inner  surface  of  the  glass  shade  of  the  chamber. 
Every  time  the  brass  binding  of  the  shade  is  touched,  or  the  brass  support 
itself,  the  muscle  contracts.     Touch  the  S  coil  and  contraction  results. 

D.  Arrange  an  induction  coil  for  tetanising  shocks.  Prepare  four  N.M. 
preparations  and  lay  them  on  a  clean  glass  plate,  arranged  so  that  the 
nerve  of  the  first  rests  on  the  single  electrode  from  the  S  coil.  Let  the 
second  nerve  rest  on  the  first  muscle,  the  third  on  the  second,  and  the 
fourth  nerve  on  the  tendon  of  the  third  muscle.  Gradually  approximate 
the  secondary  to  primary  coil.'  Note  that  No.  i  muscle  contracts  first  as 
the  tension  rises,  and  as  the  distance  between  the  coils  is  lessened  the 
second  muscle  also  begins  to  contract,  and  finally  all  four  will  contract. 

Here  the  unipolar  action  is  greater  nearer  the  secondary  coil— i.e.,  when 
the  conducting  sui;faoe  is  small.  This  exemplifies  the  danger  of  unipolar 
stimulation  in  tissues  near  the  secondary  coil  when  the  currents  are  strong. 

8.  Relative  excitability  of  muscle  and  nerve. — Using  an 
N.M.  preparation,  find  the  minimal  shook  or  tetanising 
current  to  cause  a  muscular  response  when  the  nerve  is 
stimulated.  Apply  the  same  current  to  the  muscle — direct 
stimulation.  It  will  be  inadequate ;  no  response.  Slide  up  S 
coil  until  response  is  obtained — indirect  stimulation.  Tabulate 
results. 

Nerve  is  more  excitable  to  this  form  of  stimulation  than 
muscle,  but  one  must  not  conclude  from  this  experiment  that  the 
muscle  itself  is  directly  excitable,  because  the  nerve-terminals  in 
the  muscle  are  not  excluded.  They  can  be  eliminated  by 
curare.     (Lesson  XXXIII.) 

9.  Nerve  more  excitable  than  muscle. — Arrange  a  ooil  for  single  B 
shocks.  Prepare  two  N.M.  preparations  A  and  B.  Lay  the  end  of  the 
nerve  of  B  on  the  muscle  A,  and  arrange  electrodes  to  pass  a  current 
directly  through  A. 

Stimulate  A  directly  with  single  break  shocks  of  gradually  increasing 
intensity.  B  will  contract  before  A,  although  it  is  only  stimulated  by  the 
current  which  passes  through  the  part  of  its  nerve  lying  in  A. 

10.  Siumnation  of  Inadequate  single  stimuli. — Find  on  a  N.M.  prepara- 
tion a  strength  of  single  break  induction  shook — i.e. ,  by  removing  secondary 
from  primary  coil — that  is  just  not  quite  sufficient  or  adequate  to  cause 
a  muscular  response.  Wait  a  minute  ;  at  intervals  of  five  seconds  repeat 
the  break,  inadequate  stimuli.  After  »  time  the  muscle  will  respond. 
Why?  Each  shock  causes  an  excitation,  and  leaves  an  after-vibration 
which  lasts  longer  than  the  shook  itself,  and  thus  a  certain  amount  of 
stimulation  is  possible. 

11.  Changes  in  excitability  in  a  dying  nerve. — Place  a  nerve  with 
vertebral  column  attached  on  waxed  paper.  Moisten  with  normal  saline, 
cover  with  a  shade  to  form  a  moist  chamber.  Test  excitability  by  single 
minimal  induction  shocks  at  the  middle  of  the  nerve,  judging  the  excita- 
bility in  terms  of  the  muscular  response.  Test  near  and  far  from  muscle. 
Usually  the  excitability  is  not  equal.  Cut  the  nerve  near  the  spinal  column. 
After  a  time  the  cut  end  is  more  excitable  than  the  end  near  muscle,  but 
later  on  it  becomes  less. 
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12.  Stimulation  by  condenser. — Connect  ( i )  a  cell  with  the  two  pools 
(5  and  6,  fig.  99)  of  a  Pohl's  commutator  without  cross  bars  ;  (2)  the  middle 
pair  of  pools  (i  and  2)  to  the  terminals  of  a  condenser ;  and  (3)  the  remaiu- 
ina  two  pools  (3  and  4)  to  a  nerve  of  a  N.  M.  preparation. 

When  the  cradle  of  the  commutator  is  turned  in  the  direction  of  the 
battery  the  condenser  is  "charged."  When  it  is  turned  over  the  battery 
circuit  is  cutoff,  and  the  condenser  charge  is  "discharged"  through  the 
nerve,  the  muscle  responding  with  a  single  twitch. 


LESSON  XXXII. 


EHEONOME— DIRECT,   INDIRECT    STIMULATION- 
MUSCLE  SOUND— DYNAMOMETERS. 

1.  Rheonome  and  law  of  excitation. — This  instrument  (fig.  121) 
is  useful  for  showing  du  Bois-Reymond's  so-called  (Lesson 
XXXI.)  law,  that  it  is  not  the  absolute  intensity  of  a  galvanic 
current  flowing  through  a  nerve  which  excites  it,  but  the  1 
rapidity  of  the  variations  in  the  intensity  which  excite  a  motor 
nerve.  The  apparatus  consists  of  a  square  ebonite  base,  with  a 
grooved  circular  channel  in  it,  and  two  binding  screws,  with 
zinc  attached,  and  bent  over  so  as  to  dip  into  the  groove,  which 
is  filled  with  a  saturated  solution  of  zinc  sulphate.  A  vertical 
arm,  with  binding  screws  attached  to  two  bent  strips  of  zinc, 
moves  on  a  vertical  support.  Stimuli  so 
obtained  have  been  called  "  time  stimuli" 
by  V.  Kries  to  distinguish  them  from  the 
make  and  break  shocks,  which  are  called 
"momentary  stimuli."  It  is  a  kind  of 
revolving  rheoohord. 

(as)  Connect  two  or  three  cells  coupled 
together  for  intensity — i.e.,  copper  to 
zinc — with  the  fixed  binding  screws  C 
and  D,  introducing  a  du  Bois  key  in  one  Kg.  121. 

wire.     Attach  the  electrodes,  introducing         rieischls rheonome. 
a  du    Bois   key  to  short-circuit  them,   to  the    binding  screws 
A  and  B.     Fill  the  groove  with  a  saturated  solution  of  ZnSO^. 
Amalgamate  the  zinc  tips  which  dip  into  the  ZnSO^. 

(6)  Arrange   the   nerve  of  a    N.M.    preparation    over   the 
electrodes,  or  simply  expose  the  sciatic  nerve  of  a  frog  in  situ. 
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Pass  a  constant  current  through  the  nerve,  observing  the  usual 
effects — viz.,  contraction  at  make  or  break,  or  both,  but  none 
when  the  current  is  passing.  Then  suddenly  rotate  the  handle 
with  its  two  zinc  arms ;  this  is  equivalent  to  a  sudden  variation 
of  the  intensity  of  the  current — the  current,  of  course,  continuing 
to  pass  all  the  time.     The  muscle  suddenly  contracts. 

When  the  two  ends  of  the  zinc  arc  stand  as  in  the  fig.— i.e.,  opposite  C 
and  D,  then  on  closing  the  current,  most  of  the  current  goes  through  the 
zinc  arc  to  the  preparation,  and  only  a  small  part  through  the  zinc  sulphate 
solution  from  C  to  D.  When  the  arm  ends  are  near  C  and  D,  and  the 
battery  circuit  closed,  there  are  three  paths  open  to  the  current — one  in 
each  half  of  the  circular  trough,  and  the  third  by  the  zinc  arms  and 
electrodes.  The  muscle  contracts  according  to  the  direction  and  intensity 
of  the  current,  either  on  closing  or  opening  the  key,  or  at  both.  Turn  the 
handle  so  that  the  zinc  arc  is  vertical  to  a  line  joining  C  and  D — i.e.,  exactly 
at  right  angles  to  its  former  position.  There  is  no  current  through  the  arm, 
as  its  ends  are  in  contact  with  points  of  equal  potential,  so  that  there  is  no 
response  either  on  closing  or  opening. 

If,  while  the  zinc  arc  is  in  this  position,  the  circuit  be  closed,  and  the 
zinc  arc  suddenly  rotated  into  the  position  of  the  line  C,  D,  the  muscle 
contracts,  provided  in  the  first  experiment  a  closing — i.  e. ,  make,  contraction 
was  obtained.  If  it  be  rotated  slowly  then  there  is  no  response.  Thus  one 
can  allow  the  current  to  glide  or  slide  into  the  nerve  {"  einschleichen") 
without  causing  excitation. 

Summary.  ^The  response  of  a  muscle  or  nerve,  or  indeed  excitable 
tissues  as  a- whole,  to  electrical  stimulation  is  due,  not  to  the  simple  flow  or 
intensity  of  a  current  through  the  tissues,  but  rather  to  the  more  or  less 
sudden  change  in  the  strength  of  the  current.  Sudden  opening  or  closing 
of  a  galvanic  current,  or  its  sudden  increase  or  decrease,  may  act  as  an 
efficient  stimulus,  but  the  gradval  increase  or  decrease  of  the  current 
causes  no  response. 

2.  Direct  and  indirect  stimulation  of  muscle. — When  the 
stimulus  is  applied  directly  to  the  muscle  itself,  we  have  direct 
stimulation ;  but  when  it  is  applied  to  the  nerve,  and  the  muscle 
contracts,  this  is  indirect  stimulation  of  muscle. 

(i.)  Induced  current. — (as)  Arrange  a  N.M.  preparation,  and 
coil  induction  for  single  or  repeated  shocks.  (Lesson 
XXXL,  1). 

(b)  Test  first  the  strength  of  current — as  measured  by  the 
distance  between  the  S  and  P  coils — which  causes  the  muscle 
to  contract  when  the  stimulus  is  applied  to  the  nerve — i.e.,  for 
indirect  stimulation. 

(c)  With  the  S  still  at  the  same  distance  from  the  P,  try  if  a 
contraction  is  obtained  on  stimulating  the  muscle  directly.  It 
does  not  contract ;  but  make  the  current  stronger,  and  it  does 
so.  It  will  be  found  that  by  direct  stimulation  the  interval 
between  the  stre&gth  of  current  to  obtain  minimal  and  maximal 
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contractions  is  greater  than  by  indirect  stimulation.  The 
excitability  of  muscle  to  direct  stimulation  is  best  done  after 
the  nerve-terminations  have  been  paralysed  by  curare.  (Lesson 
XXXIII.) 

(ii.)  Constant  current. — 'Connect  the  electrodes' with  two  cells, 
with  a  Hg-key  in  circuit.  Place  the  electrodes  under  the  nerve. 
Contraction  occurs  at  make  only,  and  at  break  only  if  the  pre- 
paration is  very  excitable,  but  there  is  usually  no  contraction 
when  the  current  is  passing  through  the  nerve. 

3.  Muscle  sound,  produced  during  voluntary  muscular  oontraction. 
— [a]  Insert  the  tips  of  the  index-fingers  into  the  auditory  meatuses,  forcibly 
contracting  the  biceps  muscles.  A  low  rumbling  sound  is  heard.  It  is 
transmitted  by  the  tissues  of  the  arm  to  the  cranial  bones,  and  thence  to 
the  internal  ones. 

(6)  When  all  is  still  at  night,  firmly  close  the  jaws,  and,  especially  if  the 
ears  be  stopped,  the  sound  is  heard.  It  is  a  note  of  low  pitch,  30  vibra- 
tions per  second  ( WoUastan). 

(c)  Place  one  wrist  against  the  ear,  alternately  clench  and  relax  the  fist, 
and  listen  ;  or,  with  a  stethoscope,  auscultate  the  flexor  surface  of  the  fore- 
arm during  the  same  movements,  or  place  the  stethoscope  over  the 
contracting  masseter. 

[It  was  regarded  as  the  first  over-tone  of  the  note  of  18  vibrations  per 
second  produced  in  the  muscle  itself.  Had  this  been  so,  the  vibrations  in 
a  muscle  during  voluntary  muscular  contractions — "  voluntary  tetanus  " — 
would  be  18  per  second.  It  appears  to  be  the  natural  resonanoe-tone  of 
the  ear,  which  becomes  intensified  by  a  mixture  of  notes  and  noises.  Most 
voluntary  contractions  show  8  to  lo  vibrations  per  second.] 

[d)  Set  up  a  coil,  introducing  reeds  vibrating  at  various  rates — 20,  30, 
50,  100  per  second — in  P  coil.  Connect  the  S  coil  by  long  wires  to  a  key  in 
another  room.  Stimulate  the  fore-arm  muscles,  and  listen  for  a  note  of  a 
pitch  corresponding  to  the  rate  of  stimulation. 

4.  Telephone  experiment. — (a)  Arrange  the  nerve  of  a  N.M.  preparation 
over  a  pair  of  electrodes.  Connect  the  latter  with  a  short-circuiting  key. 
To  the  key  attach  the  two  wires  from  a  telephone. 

(6)  Open  the  short-circuiting  key  ;  shout  into  the  telephone,  and  observe 
that  on  doing  so  the  muscle  contracts  vigorously. 

5.  Rupturing  strain  of  muscle  and  tendon. — (as)  Dissect  out  the  femur 
and  gastrocnemius  with  the  tendo  Achillis  of  a  frog.  Fix  the  femur  in  a 
strong  clamp  on  a  stand.  To  the  tendo  Achillis  tie  a  short  stout  thread, 
and  hang  a  scale-pan  on  to  it. 

(6)  Place  weights  in  the  scale-pan,  and  note  the  weight  required  to 
rupture  the  tendou  or  muscle.  Usually  the  muscle  is  broken  first. 
The  weight  may  be  1  kilo. ,  more  or  less,  according  to  the  size  of  the 
frog. 

(c)  Compare  the  rupturing  strain  of  a  frog's  gastrocnemius  which  has 
been  dead  for  48  hours.     A  much  less  weight  is  required. 

6.  Dynamometers  (see  also  "Fatigue")  (a)  Hand. — Test  the  force 
exerted,  first  by  the  right  hand  and  then  by  the  left,  by  means  of  Salter's 
or  Colin's  dynamometer  (fig.  122). 

(6)  Arm. — Using  one  of  Salter's  dynamometers,  test  the  strength  of  the 
arm  when  exerted  in  pulling,  as  an  archer  does  when  drawing  a  bow. 
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7.  Specific  gravity  of  muscle.— This  is  determined  in  the  same  way  as 
that  of  blood  (Lesson  V.,  4)  by  placing  part  of  a  fresh  muscle  free 
from  adhering  air  bubbles  in  a  solution  of  NaCl  of  known  S.G.      The 


Fig.  122.— A,  Colin's  dynamometer.     B,  Salter's  dynamometer  as  made  by  Chicago 
Laboratory  Supply  and  Scale  Company. 

variations  are  between  1048  to  1074.  Weber  gives  1058  as  about  the 
mean.  The  red  muscles,  as  a  rule,  have  a  lower  S.G.  than  the  pale.  The- 
heart  has  a  less  S.G.  than  other  visceral  muscles  (J.  Carvallo  and 
G.  Weiss,  Joum.  de  Phya.  et  de  Path,  gen.,  1899). 


LESSON  XXXIII. 


INDEPENDENT  DIRECT  MUSCULAB  EXCITA- 
BILITY—CXJRARE. 

1.  Independent  inherent  muscular  excitability. — Curare  paralyses 
the  intra-musoular  terminations  of  motor  nerves.  Apparatus. — 
Cells,  coil,  two  keys,  three  ordinary  and  two  fine  wires,  hand  elec- 
trodes, waxed  paper,  scissors,  fine-pointed  forceps,  fine  aneurism- 
needle,  or  fine  sewing-needle  fixed  in  a  handle,  with  the  eye  free 
to  serve  as  an  aneurism-needle,  thin  tape,  fine  threads,  pithing- 
needle,  i  p.c.  filtered  watery  solution  of  curare,  hypodermic 
syringe  or  glass  pipette.  [For  much  interesting  information 
regarding  curare  and  Bernard's  experiments,  see  CI.  Bernard's 
Legons  sv/r  les  effects  des  substances  toxiques,  238,  et  seq.,  1856, 
Paris.] 

(a)  Arrange  the  battery,  and  coil  for  an  interrupted  current 
with  a  key  in  the  P  circuit,  and  a  du  Bois  key  to  short-circuit 
the  S,  as  in  Lesson  XXXI.,  2. 
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(b)  Destroy  the  brain  of  a  frog,  and  plug  the  skull  cavity  (to 
prevent  bleeding)  with  a  match  or  cotton  wool.  With  a  hypo- 
dermic syringe  or  a  fine  glass  pipette  inject  into  the  ventral  or 
dorsal  lymph-sac  two  drops  of  a  i  p.c.  watery  solution  of  curare. 
[The  curare  of  commerce  is  only  partly  soluble  in  water,  but  its 
active  constituent  curarin  (OjqHjjN)  is  soluble  in  tap  water. 
Kub  up  I  grm.  curare  in  loo  c.c.  water  and  filter.]  The  poison 
is  rapidly  absorbed.  At  first  the  frog  draws  up  its  legs  when 
pinched.  It  soon  ceases  to  do  so,  and  it  lies  in  any  position  in 
which  it  is  put.  The  legs  are  not  drawn  up  on  being  pinched, 
and  the  animal  lies  flaccid  and  paralysed — toneless  and  without 
cutaneous  reflexes — and  it  exhibits  no  respiratory  movements. 

(c)  Expose  the  heart,  and  observe  that  it  is  still  beating. 

(d)  Expose  one  sciatic  nerve. 

(i. )  Stimulate  it  with  interrupted  shocks  =  no  contraction. 

(ii.)  Stimulate  the  corresponding  muscles  =  contraction. 

Therefore  curare  has  paralysed  some  part  oj  the  motor  nerves  [or 
connection  between  N  and  M],  but  not  the  muscles. 

In  curare  poisoning  the  nerve-trunk  itself  is  not  inexcitable, 
but  the  nerve-endings  in  the  skeletal  muscles  are  so  afiected  as 
to  prevent  the  excitatory  state  of  the  nerve  being  propagated  to 
the  muscle.     The  following  experiment  proves  this  : — 

2.  Curare  acts  at  periphery  of  motor  nerve. 

(o)  Arrange  coil  as  in  the  previous  experiment. 

(6)  Destroy  the  brain  of  a  frog.  Expose  the  sciatic  nerve  and 
the  accompanying  artery  and  vein  on  one  side — e.g.,  the  right — 
taking  great  care  not  to  injure  the  blood-vessels  (fig.  123). 
Isolate  the  sciatic  nerve,  and  then  ligature  all  the  other 
structures  of  the  thigh  as  low  down  as  possible  to  prevent  blood 
from  passing  into  the  limb.  None  of  the  poison  passes  by  a  col- 
lateral circulation  into  the  parts  below  the  ligature.  Or  ligature 
the  middle  of  one  thigh  with  tape  to  obstruct  the  circulation, 
but  not  crush  the  nerve.  This  is  the  protected,  or  unpoisoned, 
limb. 

(c)  Inject  a  few  drops  of  a  solution  of  curare  into  the  ventral 
lymph-sac.  The  poison  will  be  carried  to  every  part  of  the  body 
except  the  right  leg  below  the  ligature.  The  animal  is  rapidly 
paralysed  (20  to  30  mins.),  but  if  the  non-poisoned  leg  (right)  is 
pinched,  it  is  drawn  up,  while  the  poisoned  leg  (left)  is  not — 
i.e.,  there  is  a  reflex  movement  of  the  non-poisoned  limb,  so  that, 
the  afiierent  (sensory)  nerves,  spinal  centre  and  motor  nerves  are 
still  unafiected. 

(d)  Wait  until  the  animal  is  thoroughly  curarised — i.e.,  when 
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all  reflexes  cease — and  then  expose  both  sciatic  nerves  as  far  up 
as  the  vertebral  column  and  as  far  down  as  the  knee.  Place  the 
upper  ends  of  the  nerves  on  waxed  paper. 

(i.)  Fix  the  knees  with  pins,  so  that  the  leg  movements  can 
be  seen  (fig.  123).     Stimulate  the  Ze/i!  sciatic  nerve.     There  is  no 

contraction.  Therefore  the 
poison  has  acted  either  on 
nerve  or  muscle. 

(ii.)  Stimulate  the  left  gas- 
trocnemius muscle ;  it  con- 
tracts. Therefore  the  poison 
has  acted  on  some  part  of  the 
nervous  path,  but  not  on  the 
muscle. 

(iii.)  Stimulate  the  right 
sciatic  above  the  ligatv/re ;  the 
right  leg  contracts.  The  part 
of  the  nerve  above  the  ligature 
was  supplied  with  poisoned 
blood,  so  that  the  nerve-trunk 
itself  is  not  paralysed,  as  may 
be  proved  by  stimulating  any 
part  of  the  right  sciatic  as  far 
down  as  its  entrance  into  the 
gastrocnemius.  Stimulating 
any  part  of  the  right  nerve 
causes  contraction.  Therefore 
neither  nerve-trunk  nor  muscle 
is  afiected.  The  nerve-impulse 
is  blocked  somewhere,  in  all 
probability  by  paralysis  of  the 
terminations  of  the  motor 
nerves  within  the  muscle, 
(e)  Apply  several  drops  of 
a  strong  solution  of  curare  to  the  right  gastrocnemius,  and  after 
a  time  stimulate  its  nerve ;  there  is  no  contraction,  but  on 
stimulating  the  muscle  itself  contraction  takes  place. 

3.  Or  curarise  a  frog  after  ligaturing  the  blood-vessels  of  one 
limb.  Expose  the  whole  length  of  both  sciatic  nerves  from  the 
spine  to  the  gastrocnemius  muscles.  Pin  out  the  legs  on  a  cork 
plate.  Slip  hand  electrodes,  E — guarded  below  with  sheet  india- 
rubber — under  the  nerves  near  the  spine,  and  connect  with  a 
Pohl's  commutator,  0,  as   in  fig.  123.     Bring  other  two  wires 


Fig.  123.— Curarised  frog  with  right  sciatic 
artery  ligatured.  S.P.,  Spinal  cord  ;J\r.P., 
J<i on-poisoned  limb  (right);  P.,  Poisoned 
(left) ;  E.,  Electrodes  ;  C,  Commutator  ; 
M.,  Gastrocnemius  muscles ;  Sec.  Coil, 
Wires  to  S  coil. 
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direct  to  the  gastrocnemii  from  the  commutator ;  connect  up  the 
commutator  with  the  secondary  coil  of  an  induction  machine 
served  with  two  Leclanch6  cells  and  arranged  for  interrupted 
shocks.  The  current  cah.  then  be  sent  through  either  pair  of 
wires — i.e.,  through  both  nerves  or  both  muscles. 

(i)  Stimulate  both  nerves  with  minimal  interrupted  shocks. 
The  muscle  on  N.P. — i.e.,  the  protected  side — contracts,  that  on 
P — poisoned — does  not.  The  nerve  of  N.P.  is  not  paralysed, 
for  it  is  stimulated  in  the  poisoned  area. 

(2)  £,everse  commutator  and  stimulate  both  muscles,  but  use 
a  stropger  current.     Both  respond.     They  are  not  paralysed. 

(3)  Stimulate  the  muscles  with  minimal  current,  and  note 
that  M.  on  the  non-poisoned  side  responds  first  {Rosenthal's 
modification).  Push  up  the  S  coil,  and  the  muscle  on  the 
poisoned  side  also  responds.  Why  ?  Nerve  is  more  excitable  than 
mvscle  to  induction  shocks.  In  N.P.  the  end  terminals  are 
excited  by  a  feeble  current  and  cause  contraction  in  the  N.P. 
side.  In  the  P.  side  these  terminals  are  poisoned,  and  thus  it 
happens  that  the  strength  of  the  current  has  to  be  so  increased 
as  to  discharge  a  response  by  what  is  practically  direct  stimula- 
tion of  nerveless  muscle.  Curare  thus  paralyses  the  motor 
nerve-terminals — the  weakest  link  perhaps  between  the  nerve 
and  its  muscle. 

The  direct  excitability  of  muscle  is  further  proved  by  other 
experiments,  which  we  owe  to  W.  Kiihne  (f  1900). 

ii)  Sartorius  experiment  (p.  239). 
2)  Kiihne's  curare  experiment  (p.  242). 
(3)  Gracilis  experiment  (Lesson  L.). 

4.  Kuhne's  sartorius  experiment  {Glycerine  stimulates  nerve, 
hut  not  muscle). 

(as)  Isolate  the  sartorius  (fig.  120  and  p.  230);  suspend  it  by 
a  thread  tied  round  its  tibial  attachments — i.e.,  with  its  iliac  end 
downwards.  The  upper  third  of  the  iliac  end  is  free  from 
nerves,  or,  to  be  more  exact,  Kiihne  showed  that  at  both  ends, 
for  about  \  of  the  entire  length  of  the  muscles,  there  are  no 
nerves  [Arch.  f.  Anat.  u.  Phys.,  1895.  There  are  in  the  same 
volume  other  papers  by  Kiihne  on  direct  excitability  of  muscle). 

(6)  Allow  the  iliac  end  to  dip  into  a  drop  of  glycerine  placed 
on  a  greasy  surface.  The  muscle  gives  no  response.  Why  ? 
Because  it  is  devoid  of  nerve-fibres.  Then,  with  sharp  scissors, 
cut  across  the  muscle  about  4  mm.  higher  up  and  dip  the  fresh 
section  into  glycerine.  Soon  the  muscle  twitches.  Why  ?  As 
glycerine  stimulates  nerve  and  not  muscle,  there  is  no  response 


240  PRACTICAL   PHYSIOLOGY.  [XXXIII. 

until  the  glycerine  is  either  directly  applied  to  nerve-fibres,  or 
diffuses  to  affect  them. 

Kiihne  used  this  experiment  to  demonstrate  the  independent 
or  direct  excitability  of  muscle  and  nerve. 

That  glycerine  stimulates  nerve  is  shown  in  Lesson  XXX. 
If  the  end  of  the  nerve  dipped  in  glycerine  be  cut  off,  the 
twitchings  cease. 

A  substance  may  stimulate  muscle  and  not  nerve — e.g.,  ammonia. 
(Lesson  XXX.). 

The  foregoing  and  some  subsequent  experiments  clearly  prove 
that — 

(a)  Muscle  is  excitable  without  the  intervention  of  nerves  or 
nerve-endings — i.e.,  direct  or  independent  excitability. 

(6)  The  excitability  of  muscle  is  independent  of  the  excitability 
of  its  nerve. 

Some  drugs  may  paralyse  nerves  and  not  muscles.  Some 
agents  may  act  as  ■  stimuli  to  muscle,  but  not  to  nerve ;  whilst 
others  stimulate  nerve,  but  not  muscle. 

There  is  much  other  evidence  bearing  on  these  important 
points,  but  it  is  omitted  here. 

5.  Relative  excitability  of  muscle  and  nerve. 

(fls)  Prepare  a  frog  as  for  the  curare  experiment — i.e.,  protect 
one  leg  by  a  ligature,  then  inject  curare  into  a  lymph-sac.  After 
the  curare  has  acted,  expose  both  sciatic  nerves  and  both  gas- 
trocnemius muscles. 

(6)  Note  the  approximation  of  the  S  coil  to  the  P  required  to 
obtain  a  mechanical  response  or  contraction  to — 
(i.)  Single  make  inductien  shocks, 

(ii.)  Single  break  induction  shocks, 

(iii.)  Faradisation, 
when  the  electrodes  are   applied   to  the   sciatic  nerve  of  the 
ligatured  limb — i.e.,  the  protected  limb.     Tabulate  results. 

(c)  Apply  the  electrodes  directly  to  the  gastrocnemius  muscle 
of  the  opposite  side — i.e.,  the  poisoned  limb,  which  is  practically 
nerveless,  as  curare  paralyses  the  terminations  of  the  motor 
nerves.  It  will  be  found  that  a  stronger  shock  is  required  to 
cause  the  muscle  to  contract  than  is  necessary  through  the 
intei:vention  of  the  nerve — i.e.,  muscle  is  less  excitable  than 
nerve. 
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Direct  stimulation  of 
nerrelesB  muscle. 

Distance  of  Primary  from 
Secondary  coil  in  cm. 
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Faradisation. 


Kerveless  muscle. 

Distance  of  P  from  S. 
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o 
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32 
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0 

c 
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Additional  Exercises. 

6.  Curare  (Rosenthal's  modification). 

(a)  Prepare  a  frog  as  in  the  previous  experiment,  ligaturing  the  left  leg 
— all  except  the  sciatic  nerve — and  inject  curare.  After  complete  paralysis 
occurs,  dissect  out  both  legs  with  the  nerves  attached.  Attach  straw  flags, 
NP  and  P,  of  different  colours  to  the  toes  of  both  legs  by  pins,  and  fix 
both  femora  in  muscle-forceps,  F,  with  the  gastroonemii  uppermost  (fig. 
124).  Place  the  nerves,  N,  on  the  platinum  points  of  du  Bois-Reymond's 
electrodes  (fig.  107). 

(6)  Arrange  the  coil  for  tetanising  shocks  (fig.  124),  connecting  the 
terminals  of  the  secondary  coil  with  a  Pohl's  commutator  without  cross- 
liars,  H.  Two  other  wires  pass  from  the  commutator  to  the  electrodes, 
N,  while  two  thin  wires  pass  from  the  other  two  binding  screws,  C,  and 
their  other  ends  are  pushed  through  the  gastrocnemii  muscles.  The 
commutator  enables  the  tetanising  currents  to  be  passed  either  through 
both  nerves  or  both  muscles.  It  is  more  convenient  to  have  a  key  in  the 
S  circuit. 

(i.)  Set  Neef's  hammer  going,  and  pass  the  current  through  hoth  nerves  ; 
only  the  non-poisoned  leg,  NP,  contracts. 

(ii. )    Reverse  rocker,  pass  current  through  ioth  muscles  ;  both  contract. 

(iii.)  Rosenthal's  modification. — Push  the  S  coil  far  away  from  the 
primary,  and  pass  the  current  through  hoth  muscles.  At  first,  if  the  coils 
be  sufficiently  far  apart,  neither  muscle  contracts.  Gradually  push  up  the 
S  coil,  and  notice  that  the  non-poisoned  limb  contracts  first.  Why? 
Because  the  terminations  of  the  nerves  are  directly  excited,  and  they  are 
more  excitable  than  the  muscle.  Continuing  to  push  up  the  S  coil,  both 
muscles  ultimately  contract. 

7.  C\xrs.x&—Bema«-d's  method. — Prepare  two  N.M.  preparations,  and  dip 
the  nerve  of  one  (A)  and  the  muscle  of  the  other  (B)  into  a  solution  of 
curare  in  two  watch-glasses.  On  stimulating  the  nerve  of  A,  its  muscle 
contracts  ;  on  stimulating  the  nerve  of  B,  its  muscle  does  not  contract,  but 
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the  muscle  contracts  when  it  is  stimulated  directly.     In  A,  although  the 
poison  is  applied  directly  to  the  nerve-trunk,  the  nerve  is  not  paralysed. 

8.  Kiihne's  curare  experiment. — {a)  To  the  margin  of  a  meat-plate  fix 
two  copper  slips,  to  serve  as  attachments  for  the  electrodes,  and  between 
them  place  a  strip  of  filter-paper  moistened  with  normal  saline. 

(6)  Cut  the  excised  sartorius  transversely  into  five  pieces  of  nearly  equal 
length.  Place  them  in  their  original  order  on  filter-paper,  numbering  them 
I  to  5.  Pass  a  feeble  tetanising  current  through  the  muscle.  The  central 
parts — i.e.,  2,  3,  and  4 — contract,  while  i  and  5  do  not.  On  making  the 
current  stronger  the  terminal  parts  also  contract.     Why  ?    Because  there 

are  no  nerves  at  the  ends  of  the 
sartorius,  and  in  the  first  instance 
the  muscular  fibres  are  really  ex- 
cited by  stimulation  of  the  intra- 
muscular termination  of  the 
nerves,  while  the  end  parts  were 
stimulated  directly. 

(c)  If  a  curarised  sartorius  be 
used  in  the  same  way,  all  the 
parts  contract  at  once,  because  all 
its  motor  nerves  are  paralysed. 

9.  Curarised  sartorius  and 
constant  current. 

Dissect  out  a  curarised  sartorius 
in  its  whole  extent — i.e.,  a  nerve- 
less muscle  with  parallel  fibres. 
Lay  it  on  waxed  paper  or  a 
paraffin  block,  and  arrange  under 
it  a  pair  of  electrodes  so  that  the 
ends  of  the  muscle  rest  one  on  each 
electrode.  Connect  the  electrodes 
with  a,  Pohl's  commutator  With 
crossbars,  and  the  latter  to  two 
Daniell  cells  with  a  key  in  one 
wire. 

(i)  Stimulate  with  the  constant 
current  until  the  muscle  is  nearly 
exhausted.  Observe  that  only  the 
end  of  the  muscle  connected  with 
the  zinc  pole — i.e.,  kathode — con- 
tracts when  the  current  is  made.  At  the  kathode  the  excitability  rises 
from  normal  owing  to  the  appearance  of  the  kathelectrotonic  state. 

(2)  A  contraction  may  start  from  the  anode  when  the  current  is  broken — 
i.e.,  there  is  a  rise  of  excitability  from  the  anelectrotonic  (lower)  state  to 
normal. . 

This  experiment  not  only  shows  the  direct  excitability  of  muscle,  but 
also  that  when  a  part  of  a  muscle  passes  suddenly  from  a  lower  to  a  higher 
state  of  excitability  an  impulse  is  generated  at  that  point. 

10.  Curare  does  not  affect  nerve-centres  or  centripetal  nerves. — Apply 
to  the  skin  of  a  pithed  frog  (cord  intact)  a  drop  of  strychnine  solution  (o'l 
p.  c. ).  This  increases  the  reflex  excitability.  After  a  time  protect  one 
leg  with  a  ligature  and  curarJse,     Pinch  the  motionless  unprotected  or 


Fig.  124. — Scheme  of  curare  experiment.  B, 
Battery;  J,  P;  J/,  S  coil;  A,  Nerves;  F, 
Clamp ;  N.F.,  ^  on-poisoned  leg ;  F,  Poisoned 
leg ;  C,  Commutator ;  K,  Key.  Short-circuit- 
ing key  in  circuit  omitted  in  diagram. 
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poisoned  limb,  the  non-poisoned  or  protected  limb  will  give  a  reflex 
response.  Ourwre  does  not  appreciably  affect  centrifugal  or  centripetal 
nerve-fibres  or  spinal  nerve-centres.  Its  action  is  on  the  junction  between 
nerve  and  musde — i.e.,  on  the  motor  end-plates. 


LESSON  XXXIV. 


GEAPHIC  METHOD— MOIST  CHAMBER— SIMPLE 
CONTBAOTIOIT— TWITCH. 

A  RECORDING  surface  is  required,  and  for  most  purposes  a 
revolving  cylinder  covered  with  glazed  paper  and  smoked  over  a 
turpentine  or  gas  flame  is  the  most  convenient.  Most  of  the 
movements  we  have  to  sbudy  are  so  rapid  that  they  cannot  be 
properly  investigated  by  the  unaided  eye.  By  the  graphic 
method  we  obtain  a  permanent  record  of  each  movement,  which 
can  be  studied  at  one's  leisure,  the  general  principle  being  that 
the  tissue  whose  movements  we  wish  to  study  records  its 
movements  usually  through  the  intervention  of  a  lever,  and 
thus — correspondingly  magnified — upon  a  moving  surface.  The 
change  of  form  is  one  of  the  indications  of  the  transfoi'mation 
of  energy  in  the  tissue.  A  muscle  in  action  evolves  also 
chemical  and  thermal  energy.  In  order  to  determine  the  time 
occupied  by  any  given  movement,  we  require  to  record  the 
vibrations  of  a  tuning-fork  of  known  rate  of  vibration. 

1.  Arrangement  of  work-table. — The  recording  drum,  which 
revolves  from  right  to  left,  is  placed  on  the  table  to  the  left  of 
the  student.  On  the  extreme  right  of  the  table  is  the  battery 
and  between  the  two  the  induction  coil,  with  a  M  and  B  key 
in  the  P  circuit  between  the  battery  and  the  coil,  and  a  du  Bois 
key — arranged  to  short-circuit  the  S  circuit — between  the  coil 
and  the  drum.  The  P  circuit  is  then  coupled  up  (spirally 
wound  wires),  and  the  same  with  the  S  circuit ;  the  wires  of 
the  latter  or  electrode  wires  being  attached  to  some  kind  of  a 
myograph  with  a  moist  chamber  to  protect  the  N.M.  prepara- 
tion. Each  student  is  provided  with  a  frog-plate,  a  vessel  for 
debris,  wires,  millimetre  scale,  normal  saline,  and  the  necessary 
apparatus. 


244 


PRACTICAL  PHYSIOLOGY. 


[xxxiv. 


It  is  important  to  remember  that  the  more  complex  the 
machinery  the  greater  the  liability  of  errors  due  to  the 
apparatus. 

2.  Recording  snrface. — Use  a  revolving  cylinder  or  other 
moving  surface  covered  with  smoked  glazed  paper.  The 
velocity  of  the  moving  surface  is  usually  determined  by  record- 
ing simultaneously  the  vibrations  of  a  tuning-fork  of  known  rate 
of  vibration,  or  an  electro-magnetic  time-marker,  or  by  a  vibrat- 


Fig.  125- — Ludwig's  revolving  cylinder,  moved  by  clockwork,  and  regulated  by  a 
Foucault's  regulator  on  the  top  of  the  box.  A  disc,  moved  by  clockwork,  presses 
upon  a  wheel,  which  can  be  raised  or  lowered  by  a  screw,  thus  altering  the  position 
of  the  wheel  on  the  disc  so  as  to  cause  the  cylinder  to  rotate  at  different  rates.  The 
cylinder  itself  can  be  raised  by  turning  a  handle.    Made  by  Petzold. 
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ing  reed.  It  does  not  matter  particularly  what  form  of  recording 
drum  is  used,  provided  it  moves  smoothly  and  evenly,  and  is 
capable  of  being  made  to  move  at  different  speeds  as  required. 
Sometimes  this  is  done  by  placing  the  drum  on  different  axles, 
moving  at  different  velocities.  In  Ludwig's  form  (fig.  125)  a 
small  wheel  moves  on  a  large  brass  disc.  The  drum  is  13  cm. 
high,  and  has  a  circumference  of  50  cm.  It  is  driven  by 
friction  rollers,  and  can  be  run  either  vertically  or  horizontally. 
According  to  the  position  of  the  small  wheel  or  the  large  friction 
wheel,  and  by  adjusting  the  regulator,  one  can  vary  the  rate  of 
revolutions  within  very  wide  limits.  An  arrangement  of  shaft- 
ing, moved,  say,  by  a  water-motor,  or  turbine,  or  electric-motor, 
from  which  several  drums  can  be  driven  by  cords,  is  very  con- 
venient. The  Thirlemere  motor  may  also  be  used  for  actuating 
a  number  of  recording  cylinders.  Each  pair  of  students  is  pro- 
vided with  recording  apparatus,  which  is  placed  at  the  left  end 
of  the  table,  so  that  the  other  apparatus  can  be  arranged  to  the 
right  of  it.  The  vertical  cylinder  or  drum  (6  ins.  diameter)  can 
be  adjusted  on  its  upright  spindle,  from  which  it  can  be  removed 
to  cover  it  with  the  paper,  which  is  to  be  smoked. 

3.  Covering  the  drnin  and  smoking  the  paper. — The  paper  is 
glazed  on  one  surface,  and  is  cut  to  the  necessary  size  to  suit  the 
drum.  The  drum  can  be  removed,  and  is  then  covered  with  a 
strip  of  paper,  the  latter  being  laid  on  evenly  to  avoid  folds, 
glazed  side  outermost.  One  edge  of  the  paper  is  gummed,  and 
overlaps  the  other  edge.  Wrap  it  round  the  drum,  and  leave 
it  for  a  few  minutes  until  the  gum  dries.  The  paper  should 
be  cut  wider  than  the  height  of  the  drum.  This  protects  the 
drum  from  the  effects  of  the  smoke.  The  paper  has  then  to  be 
smoked  in  a  draught  chamber,  by  holding  the  drum  and 
keeping  it  moving  uniformly  over  a  fan-taUed  or  bat's  wing 
gas-burner,  or  paraffin  lamp  (6-inch  wick).  Take  care  that 
the  soot  from  the  flame  is  deposited  evenly  and  lightly,  and 
see  that  it  is  not  burned  into  the  paper.  At  the  overlap  on  the 
paper  rub  off  a  vertical  layer  of  soot,  leaving  a  white  streak. 
The  drum  is  then  placed  in  position.     (See  Appendix.) 

To  obtain  a  very  fine  film  of  soot,  Hiirthle  has  invented  a  ' '  smoke-spray." 
The  soot  from  the  flame  of  a  turpentine  lamp  is  blown  by  means  of  an 
elastic  ball-beUows  against  the  paper.  We  find  that  a  large  gas  flame  is 
the  most  convenient. 

4.  General  rules  for  graphic  experiments. 

(i)  Arrange  the  apparatus  completely,  cover  the  drum  with 
paper,  and  smoke  it,  before  beginning  the  dissection. 
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(2)  Test  all  the  connections  stage  by  stage  as  they  are  made. 
In  recording,  let  all  curves  begin  just  after  the  overlap. 

(3)  With  a  smooth  point  inscribe  on  the  tracing  your  name, 
the  date,  and  what  it  shows;  then  varnish  it.  In  removing  the 
tracing  from  the  drum,  hold  the  drum  vertically  in  the  left 
hand,  with  the  left  thumb  pressing  near  the  overlap,  and  cut 
through  the  paper  near  the  overlap  edge. 

(4)  Determine  the  magnification  of  the  movement  as  recorded 
by  the  lever. 

5.  Myographs. — Various  forms  are  in  use,  but  most  of  them 
consist  of  a  light  lever  which  is  raised  by  the  contracting  muscle, 
and  so  arranged  as  to  record"  its  movement  on  a  smoked  surface 
of  paper  or  glass.  Such  curves  are  called  "  isotonic  "  by  Fick. 
The  .movements  of  the  muscle  are  thereby  magnified  and 
rendered  visible  to  the  eye.  Or  the  lever  may  record  its  move- 
ments on  a  moving  surface.  Taking  advantage  of  the  fact  that 
a  muscle  when  it  contracts  becomes  both  shorter  and  thicker, 
myographs  have  been  constructed  on  three  principles  : — 

(a)  Shortening  of  muscle  attached  to  a  lever. 
(/3)  Thickening  of  muscle  on  which  the  lever  rests, 
(y)  Changes  in  tension. 
Suppose  a  muscle  to  be  so  fixed  that  during  activity  it  can 
contract   but  little  we  can  record  changes  of  tension   by  the 
so-called    "isometric"    method    introduced   by   Fick.     (Lesson 
XXXVI.). 

;,  The  recording  surface  on  which  the  lever  style  writes  may 
be — 

(i)  Stationary  {Pfluger's). 

(2)  Revolving  {Helmholtz's). 

(3)  Swinging  pendulum  (Fick's). 

(4)  Moved  by  a  spring,  either  vertically  or  horizontally  {du 
Bois-Beymond). 

6.  Muscle-lever  (change  in  length  of  muscle). — It  is  customary 
to  use  such  a  simple  muscle-lever  as  is  shown  in  fig.  126,  with 
the  weight  attached  directly  under  the  point  of  attachment  of 
the  muscle  to  the  lever.  This  has  its  disadvantages,  as  it  is  set 
into  vibration  by  the  rapid  rise  of  the  lever.  Fick  has  shown 
that  by  using  a  light  straw  lever,  the  muscle  itself  being  made 
tense  not  by  a  weight  applied  directly  under  the  point  of  attach- 
ment of  the  muscle  to  the  lever,  but  by  attaching  the  weight 
over  a  small  pulley  fixed  to  the  steel  axis  to  which  the  lever  is 
attached,  the  weight  is  raised  but  little,  and  even  with  a  rapid 
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coatraction  does  not  move  quickly.     A  orank-myograph  is  very 
serviceable. 


Fig.  126.— Moist  chamber.    N,  Glass  shade ;  E,  Slectiodes ;  L,  Lever ;  W,  Weight 
TM,  Time-marker ;  other  letters  as  in  previous  figures. 


Fig.  IB/.— Moist  chamber  for  muscle,  with  two  pairs  of  electrodes,  muscle-forceps,  and 
recording  lever.    To  the  latter  is  fixed  a  straw. 
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7.  Writing  points. — A  triangular  piece  of  vegetable  parchment  or  thin 
sheet  aluminium  fixed  to  the  end  of  the  recording  straw  lever  does 
very  well. 

8.  Moist  chamber  (figs.  126  and  127). — To  prevent  the  drying 
of  a  preparation  enclose  it  in  a  moist  chamber,  which  is  merely 
a  glass  shade  placed  over  the  preparation.  To  keep  the  air  and 
the  preparation  moist,  cover  the  sides  of  the  shade  with  blotting- 
paper  moistened  with  normal  saline. 

9.  Stand  for  myograph  and  moist  chamber. — This  should  be  so 
arranged  that  the  point  of  the  recording  lever  can  be  switched  off  or  on  to 
the  recording  surface  as  required.  A  "Universal  stand"  (fig.  128)  is 
made  by  Zimmermann,  but  a  simpler  form  suffices. 

10.  Varnish  for  tracings. — The 
tracing  is  drawn  through  the 
varnish  and  then  hung  up  to  dry. 

(a)  A  good  varnish  consists  of 
gum  mastic  or  white  shellac  dis- 
solved to  saturation  in  methylated 
spirit.  Let  it  stand  for  a  week  or 
two. 

(6)  Dissolve  15  grms.  of  rosin  in 
ICO  c.c.  methylated  spirit. 

11.  Single  contraction  or 
twitch — Apparatus. — Record- 
ing drum,  LeclanchS  cells, 
Hg-key,  coil,  du  Bois  key, 
wires,  electrodes,  moist  cham- 
ber and  lever  (or  crank- 
myograph),  blotting  -  paper, 
stout  ligatures,  hook,  pins, 
lead  weight  (20  grms.). 

(a)  Oover  drum  with  glazed 
paper,  smoke  it,  and  arrange 
it  to  move  slowly. 

(6)  Arrange  the  cells  and 
an  Hg-key  in  the  P  circuit 
for  single  induction  shocks, 
the  S  circuit  short-circuited, 
and  with  wires  going  to  the 
binding  screws  on  the  platform  of  the  moist  chamber  on  the 
myograph  (fig.  126).  [The  muscle  may  be  caused  to  contract 
either  by  stimulating  it  directly,  in  which  case  the  electrodes 
are  made  of  thin  wires,  and  merely  pushed  through  the  two 
ends  of  the  gastrocnemius,  or  indirectly  through  the  nerve.  It  is 
convenient  to  use  the  latter  method  (Lesson  XXXII.).] 


Fig.  128.— TJnlversal  stand,  made  by 
Zimmermann. 
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(c)  Make  a  N.M.  preparation,  leaving  the  lower  end  of  the 
femur  attached  to  the  gastrocnemius,  and  cut  away  the  tibia  and 
fibula.  With  the  point  of  a  sharp  pair  of  small  scissors  make 
a  hole  in  the  tendo  Achillis,  and  insert  in  it  an  S-shaped  hook, 
made  by  bending  a  pin.  Fix  the  femur  in  the  muscle  clamp 
of  the  moist  chamber,  and  by  means  of  a  stout  thread  or  fine 
wire  attach  the  hook  in  the  tendo  Achillis  to  the  writing-lever. 
See  that  the  thread  or  wire  goes  clear  through  the  hole  in  the 
stage.  Place  the  nerve  on  the  electrodes,  and  cover  the  prepara- 
tion with  the  glass  shade  lined  on  three  sides  with  moist 
blotting-paper.  Load  the  lever  with  20  grms.  either  directly,  or 
place  the  weight  scale-pan  near  where  the  muscle  is  attached  to 
it.  The  lever  itself  must  be  horizontal.  The  writing-style  may 
be  made  of  very  thin  aluminium  or  parchment  paper,  fastened  to 
the  lever  with  sealing  -  wax  or  telegraph  composition.  As 
arranged,  the  P  circuit  is  made  and  broken  by  hand. 

According  as  the  recording  surface  is  stationary  or  moving 
when  the  muscle  contracts  and  raises  the  lever,  either  an  upward 
line  or  a  curve  will  be  made  upon  the  paper.  In  the  latter  case 
the  form  of  the  curve  will  vary  with  the  velocity  of  the  drum. 

A.  Simple  twitch — Drum  stationary  (Isotonic  contraction). — 
By  this  arrangement  one  registers  only  the  lift  or  height  of  the 
contraction,  and  its  relation  to  the  strength  of  the  stimulus ; 
yielding  minimal  and  maximal  contractions.  A  light  (isotonic) 
lever  is  chosen,  such  as  will  amplify  the  movement  six  to  eight 
times,  while  the  weight  to  be  lifted  is  such  that  the  tension  of 
the  muscle  is  about  8  to  10  grms. 

(a)  Push  the  S  coil  away  from  the  P,  open  the  key  in  the 
secondary  circuit,  and  make  and  break  the  primary  circuit. 
There  may  be  no  contraction  at  either  M  or  B.  Close  the 
secondary  circuit  key. 

(b)  Open  the  short-circuiting  key,  gradually  push  up  the  S 
coil,  and  break  the  primary  circuit  by  means  of  the  key  in  it. 
Observe  when  the  first  feeble  single  contraction  or  twitch  is 
obtained  =  minimal  twitch  or  contraction.  When  the  muscle 
just  contracts,  this  gives  the  threshold  value — i.e.,  a  minimal 
twitch  or  response  from  a  minimal  stimulus.  Make  the  primary 
circuit,  there  is  no  contraction.  The  break  shock  is  stronger  than 
the  make.  Record  under  each  contraction  whether  it  is  a  make 
(M)  or  break  (B)  shock,  and  the  distance  in  centimetres  of  the 
S  from  the  P  coil.  The  minimal  twitch  may  first  be  obtained 
when  the  S  coil  is  35  to  40  cm.  from  the  P.  Move  the  drum  a  short 
distance  with  the  hand;  the  lever  inscribes  a  base  line  or  abscissa. 
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(c)  Push  up  the  S  coil  0-5  cm.  at  a  time.  Test  the  eflfeot  of  the 
make  and  break  shocks,  after  each  test  moving  the  drum  with 
the  hand,  .and  recording  the  result  as  to  M  or  B,  and  the 
distance  in  centimetres  of  the  S  from  the  P  coil.  After  a  time 
a  M  twitch  appears,  and  on  pushing  up  the  S  coil  the  M  con- 
traction becomes  as  high  as  the  B  (fig.  129). 


Fig.  isg.— Contractions  obtained  with  single  make  (M)  and  brealc  (B)  induction  shocks. 
The  numbers  indicate  the  distance  of  the  8  from  the  P  coil.  The  drum  is  stationary 
during  each  twitch,  and  is  then  moved  a  little  distance  by  hand. 

((i)  Increase  the  stimulus  by  bringing  the  S  nearer  the 
P  coil,  and  notice  that  the  contractions  do  not  become  higher 
=  maximal  twitch  or  contraction.  Keep  the  M  and  B  twitches 
obtained  with  each  strength  of  current  close  together.  Their 
relative  heights  can  then  be  readily  compared  (fig.  129). 

N.B. — It  is  obvious  that  there  is  a  certain  relationship 
between  the  strength  of  the  stvmvZviS  and  the  corresponding 
twitch  or  concoction.  The  twitch  in  response  to  each  B  stimulus 
increases  with  the  Strength  of  the  stimulus,  at  first  rapidly,  then 
slowly  up  to  a  certain  point ;  but  increased  strength  of  stimulus 
produces  no  further  increase  in  the  twitch — i.e.,  both  twitch  and 
stimulus  are  maximal. 

The  "  threshold  value "  of  th?  minimum  stimulus  will  be  the 
same  whether  10  or  15  gfms.  are  used  to  load  the  muscle — i.e., 
threshold  value  is  independent  of  load. 

B.  Twitch  with  cylinder  revolving  (fast  speed). — Arrange  the 
experiment  as  in  A,  but  allow  the  cylinder  to  revolve  about  50 
centimetres  per  second.  Mark  the  paper-overlap  by  removing 
some  of  the  soot  with  your  finger.  The  curve  must  not  be 
inscribed  at  or  near  the  overlap. 

(<z)  Select  a  strength  of  stimulus  (B  shock  only)  which  is 
known  to  cause  a  contraction,  and  while  the  cylinder  is  revolv- 
ing cause  the  muscle  to  contract  by  opening  the  key  in  the 
P  circuit. 

(6)  Study  the  curve,  a  so-called  "isotonic"  curve  (fig.  138). 


XXXIV.] 


GRAPHIC  METHOD. 


251 


C.  Vary  velocity  of  cylinder,  and  observe  how  the  form  of  the 
curve  varies  witli  the  variation  in  velocity  of  the  cylinder 
(fig.  130).  Use  only  the  break  shook,  and  record  the  con- 
tractions either  (i.)  all  on  one  abscissa,  or  (ii.)  record  each  con- 
traction on  a  different  abscissa,  recording  a  time-curve  under 
each.     (Lesson  XXXV.) 


Fig.  13D. — Frog's  gaatrocnemiuB  stimulated  by  single  M  and  B  shocks,  the  distance 
between  the  F  and  S  coll  being  the  same  for  both  shocks.  In  the  lower  figure  the 
muscle  was  fatigued.    Slow  rate. 

12.  Belation  of  "lift"  to  strength  of  stimulus. — Suppose  one 
uses  only  break  shocks,  and,  beginning  with  the  first  effective 
stimulus  ("  minimal  contraction ")  and  gradually  increasing  the 
strength  of  the  stimulus,  one  obtains  a  gradual  increase  in  the 
height  of  the  "lift"  until  a  certain  maximum  of  lift  ("maximal 
contraction")  is  reached,  above  -vrhioh,  even  though  the  stimulus 
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Fig.  Z31.— Simple  form  of  recording  lever  with  independent  abscissa  recorder. 

be  increased,  there  is  no  further  shortening  of  the  muscle.  If  a 
muscle  be  stimulated  directly — i.e.,  the  electrodes  applied  to  the 
muscle  direct — the  difference  between  the  first  effective  stimulus 
(minimal)  and  the  first  effective  maximal  stimulus  is  considerably 
greater  than  by  indirect  stimulation — i.e.,  where  the  stimulus  is 
applied  through  the  nerve. 
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LESSON   XXXV. 

CHRONOGRAPHS  AND  CHRONOGRAMS— ORANK- 
MYOGRAPH  —  AUTOMATIC  BREAK  —  MUSCLE 
CURVE— HYOGLOSSUS. 

1.  Chronographs  and  chronograms. — The  rate  of  movement  of 
the  recording  surface,  if  rapid,  is  ascertained  by  some  form  of 
time-marker  or  chronograph.  As  the  times  to  be  measured  in 
experiments  on  muscle  and  nerve  are  very  small — e.g.,  ^ks  *° 
I  ^1^0  second — some  speciala  pparatus  is  required.  The  simplest 
is  a  tuning-fork — vibrating,  say,  loo  D.  V.  per  second — one  arm  of 
which  carries  a  writing-style,  and  makes  the  vibrations  on  a 
smoked  surface.  It  is  convenient  to  keep  the  tuning-fork 
vibrating  by  means  of  electricity,  introducing  a  recording  signal 
in  the  circuit,  the  whole  constituting  an  electrical  chronograiph. 
It  consists  of  a  battery,  a  vibrating  tuning-fork  or  reed, -and  a 
signal  or  marker. 

B.  Desprez  signal  (fig.  132). — This  small  electro-magnet  has 
so  little  inertia  that  if  it  be  introduced  into  an  electric  circuit, 


Fig.  132.— Desprez  electric  signal  or  chronograph,  as  made  by  the  Cambridge 
Scientific  Instrument  Company. 


its  armature,  which  is  provided  with  a  very  light  writing  point, 
vibrates   simultaneously   with    the   vibrations    of    an    electric 
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tuning-fork  introduced  into  the  same  circuit.  The  drum  must 
move  more  rapidly,  the  more  rapid  the  vibrations  of  the  tuning- 
fork  used. 

Arrange  a  Desprez  or  other  signal  in  circuit  with  a  tuning- 
fork  of  known  rate  of  vibration — e.g.,  loo  D.V. — and  actuated 
by  two  dry  cells  or  Grenet  battery  (fig.  133).     The  handiest 


Fig.  133. — Signal  and  vibrating  tuning-fork  in  an  electric  circuit.    J),  Drum ; 
C,  Signal ;  EU,  Electric  tuning-fork ;  Ft,  Platinum  contact. 

form  of  fork  is  made  with  a  dry  platinum  contact,  Pt.  Set  the 
tuning-fork  vibrating.  Record  the  result  on  a  quick-moving 
cylinder. 

2.  Take  chronograms  (fig.  134). — (i)  With  tuning-fork  with 
writing-style  which  has  been  made  to  vibrate  100  D.V.  per 
second  by  giving  it  a  small  blow  with  an  india-rubber  stopper 


Fig,  134. — Chronograms,    r  and  3  Spring  chronograph,  0*5  second,  0*25  second. 
2,  100  D.V.  per  second.    Same  speed  of  drum. 

fixed  on  a  wooden  handle.  Do  this  with  slow-moving  drum  and 
quick-moving  drum,  and  calculate  the  speed  of  the  drum  from 
the  time  curve. 

(2)  Record  \  and  J  seconds  with  the  spring  chronograph 
(fig.  145)  near  the  100  D.V.  per  second  curve,  and  compare 
the  time. 
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(3)  Record  with  an  electrical  chronograph  of  50  or  100  D.V. 
per  second. 

Muscle-curve.— Instead  of  the  lever  shown  in  fig.   126,  the 
crank-myograph  is.  used  (figs.   135,   136).     The  muscle  is  kept 

moist  by  covering  it 
with  blotting  -  paper 
moistened  with  nor- 
mal saline. 

3.  The  crank-myo- 
graph  (figs.  135,- 136) 
is  fixed  on  a  suitable 
support,  so  that  it  can 
be  adjusted  to  any 
height  desired,  and  its 
style  switched  into 
contact  with  the  drum 
when  required.  It 
consists  of  two  arms 
— long  and  short — 
fixed  at  right  angles 
to  each  other.  The 
muscle  lies  horizont- 
ally, so  that  the  move- 
ment of  the  recording 
point  is  at  right  angles 
to  the  recording  sur- 
face. It  is  convenient  to  fix  the  myograph  with  T-pieces,  as 
in  the  fig.  135,  as  then  the  writing  point  can  be  made  to  move 
in  the  plane  of  the  recording  surface. 

Measv/re  the  length  of  the  short  and  long  arms  respectively 


Fig.  135.— Crank-myograph  with  X-pieoeB  and  fixed 
support  moving  on  a  vertical  axis — i.e.,  a  tangent 
stand. 


Fig.  136.— Crank-myograph.    W,  W,  Block  of  wood:  M,  Muscle;  F,  Femur;  P,  Pin  to 
t&F;  L,  Lever ;  WT,  Weight ;  a,  Screw  for  after-load ;  C,  Cork ;  B,  B,  Brass  box. 
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from  the  fulcrum,  so  as  to  ascertain  the  amount  of  magnification 
of  the  muscle  curve. 

After-load. — In  the  crank-myograph,  under  the  lever,  is  a 
screw  on  which  the  horizontal  arm  of  the  crank  rests  (fig.  136,  a), 
so  that  the  muscle  is  loaded  only  during  its  contraction.  Thus, 
a  muscle  may  be  "loaded"  or  "after-loaded";  in  the  former  case 
the  muscle  is  loaded  with  a  weight,  both  when  it  is  at  rest  and 
when  contracting,  but  in  an  "  after-loaded "  muscle  the  muscle 
raises  the  weight  only  during  contraction,  and  is  not  stretched 
by  it  when  at  rest.  The  experiment  is  arranged  in  the  same 
way  as  in  Lesson  XXXIV.,  8. 

(a)  Prepare  the  gastrocnemius  with  the  lower  end  of  the  femur 
attached!  Pin  the  femur  securely  to  the  cork  plate  of  the 
myograph  covered  with  blotting-paper  moistened  by  normal 
saline.  Instead  of  a  pin,  the  little  clip  "  tie-fasteners  "  are  very 
convenient.  Tie  a  stout  ligature  round  the  tendo  A  chillis,  by  a 
hook  fix  the  ligature  to  the  short  arm  of  the  lever,  add  a  weight 
of  10  to  12  grms.  to  the  lever,  and  see  that  the  lever  itself  is 
horizontal.  Thrust  two  fine  wires — which  act  as  electrodes — 
from  the  du  Bois  key  in  the  S  circuit  through  the  upper  and 
lower  end  of  the  muscle. 

(6)  Arrange  style  of  lever  so  that  it  writes  on  the  drum,  and 
repeat  the  experiments  of  the  previous  Lesson. 

(c)  TTse  different  weights — 5,  20,  50  grms. — and  observe  how 
the  form  and  other  features  of  the  curve  vary  on  increasing  the 
weight  attached  to  the  lever. 

4.  Automatic  break — i.e.,  method  of  excitation. — It  is  con- 
.  venient  to  use  a  single  break  induction  shock — i.e.,  the  S  coil  is 

at  such  a  distance  from  the  P  that  only  the  break  shock  is 
effective.  One  may,  of  course,  break  the  primary  circuit  by  the 
hand,  as  in  the  previous  experiments,  but  this  is  not  convenient. 
It  is  better  to  have  an  "automatic  break  "  (fig.  137)  done  by  the 
drum  itself  as  it  revolves,  the  drum  being  introduced  into  the 
P  circuit.  Two  binding  screws  are  placed  on  the  stand,  but  one 
is  insulated.  The  axis  of  the  drum  carries  a  horizontal  (adjust- 
able) arm  or  "striker"  carrying  a  platinum  wire  which  touches 
a  wire  fixed  on  a  support  on  the  insulated  binding  screw.  Thus, 
every  time  the  drum  revolves  a  shock  is  induced,  and  always  at 
the  same  moment,  so  that  successive  shocks  can  be  recorded  on 
the  same  abscissa,  and  the  moment  of  stimulation  can  be  found 
at  once. 

5.  Simple  muscle-curve  (Twitch)  crank-myograph  and  auto- 
matic breaki— Recording   drum   moving  at  a  fast  rate   (about 
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so  cm.   per  second);   crank-myograph ;   chronograph  vibrating 
100  times  per  second ;  coil ;  keys. 

(a)  Arrange  apparatus  as  in  fig.  137,  with  drum,  D,  in  P 
circuit.  When  the  striker,  S,  fixed  to  the  vertical  spindle, 
touches  the  upright  the  circuit  is  made  and  then  broken. 
Select  a  break  shock — i.e.,  when  the  make  is  not  yet  eiFective. 
The  support,  IS,  is  insulated  from  the' drum  support. 


Fig.  137.— Arrangement  for  analysis  of  musole-curve  by  means  of  crank-myograph  (JM) 
with  ' '  Automatic  break  "  in  P  circuit.  S,  Striker  on  axis  of  D  cylinder ;  PC,  Primary, 
and  SC,  Secondary  circuits;  TC,  Time-circuit  with  EM,  Electro-magnet;  IS, 
Insulated  support  in  PC. 

(b)  Short-circuit  the  S  current,  arrange  a  N.M.  preparation  on 
a  crank-myograph,  M,  placing  the  nerve  on  the  electrodes,  and 
arrange  the  lever  to  record  on  the  drum.  Mark  the  overlap  on 
the  paper,  and  arrange  the  time  of  automatic  breaking  so  that 
the  curve  will  fall  about  the  middle  of  the  paper. 

(c)  Adjust  the  writing  points. — Arrange  the  lever  of  a  chrono- 
graph (vibrating  100  times  per  second,  and  actuated  by  a  dry 
cell  in  circuit  with  a  tuning-fork,  T.C.  time-circuit)  so  that  its 
writing  point  records  exactly  under  the  muscle  lever  point. 

(d)  Mark  overlap  and  take  a  record. — Adjust  the  position  of 
the  break  key  in  order  to  have  the  tracing  near  the  middle  of 
the  paper  and  not  near  where  it  is  gummed.  Open  the  short- 
circuiting  key,  -set  the  chronograph  vibrating,  and  the  cylinder 
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in  motion  during  one  revolution.  When  the  striker,  S,  comes 
in  contact  with  support,  IS,  a  break  induction  shock  is  obtained, 
and  the  muscle  records  a  simple  muscle-curve.  Close  the  short- 
circuiting  key. 

(e)  Kecord  the  moment  of  stimulation  by  bringing  S  in  con- 
tact with  the  style  on  IS,  depress  and  raise  the  lever  until  it 
cuts  the  time  tracing  at  a  in  Fig.  139.  The  distance  between 
this  point  and  the  beginning  or  rise  of  the  curve  indicates  the 
latent  period.  In  a  similar  manner  make  vertical  arcs — the 
drum  being  stationary — opposite  (i)  the  point  at  which  the 
tracing  rises  from  the  abscissa,  b,  (2)  highest  point  of  the 
curve,  c,  (3)  the  point  where  it  again  meets  the  abscissa,  d', 
the  after-oscillations  are  seen  in  all  tracings,  and  are  diminished 
by  using  as  light  levers  as  possible. 

Make  base  lines  and  ordinates — muscle-lever  and  time-lever — 
on  the  cylinder  to  mark  the  relative  positions  of  the  two  writing 
points,  or  cause  one  to  write  exactly  over  the  other. 

(/)  Study  the  "muscle-curve"  (fig.  138),  noting  particularly 
the  latent  period,  the  ascent  and  descent.  The  latent  period 
may  be  represented  by  a  distance  of  4  or  5  millimetres,  but  this' 


Fig.  X38. — Mnscle-curre  of  frog's  gaBtrocnemius.     The  lower  line  indicates  time 
and  each  double  vibration  (2).  V.)  =  yj^'aecond. 

delay  does  not  represent  the  actual  latent  period,  which  is  really 
much  shorter.  The  long  latent  period  is  really  largely  due  to 
the  apparatus,  and  therefore  instrumental.  Estimate,  by  means 
of  the  tuning-fork  vibrations,  the  duration  of  each  of  the  phases. 
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(fig.  139)  as  accurately  as  possible  the  duration 

(i.)  The  latent  period,  a-h. 
(ii.)  The  period  of  contraction,  b-c. 
(iii.)  The  period  of  relaxation,  c-d. 


Kg.  139.— MijaBle  curve  of  hyoglossns.    Time  tracing  100  D.V.  per  'second,    a-b,  L.P. 
b-e,  ascent ;  c-d,  descent. 

(i.)  Latent  period  from  point  of  stimulation,  a,  to  commence- 
ment of  contraction,  6,  there  is  no  change  of  length.  Suppose 
the  chronograph  tracing  from  Orb  to  show  i  D.V.,  the  period 
occupied  would  be  "oi  second. 

[This  estimate  is  too  high,  and  the  excess  over  the  true  latent 
period,  about  0-003  *o  o*oo8,  for  a  frog's  muscle  is  partly  due  to 
the  non-simultaneous  contraction  of  all  parts  of  a  muscle,  and 
largely  to  inertia  and  instrumental  delay.] 

(ii.)  Period  of  contraction,  b-c,  from  b  to  highest  point  of 
curve  c.  At  first  it  is  usually  slightly  convex  to  the  abscissa — i.e., 
rate  of  contraction  increases  gradually — at  first  slowly,  it  then 
increases  rapidly,  and  soon  reaches  a  maximum  of  rapidity ;  then 
it  becomes  slower  and  concave  towards  the  abscissa,  and  gradu- 
ally qeases  to  shorten.  Suppose  the  time  be  equal  to  8  D.V., 
then  the  time  occupied  was  y^  of  a  second — i.e.,  o"o8  second. 

(iii,)  Period  of  relaxation,  c-d,  from  the  highest  point  c  to  d, 
but  it  may  be  difficult  to  be  sure  exactly  where  d  takes  place, 
as  the  lever  often  gives  several  secondary  rebounds.  The  curve 
shows  practically  similar  changes  to  those  on  the  ascent,  but  in 
the  reversed  order.  Suppose  the  number  of  D.V.  to  be  g,  then 
the  time  is  -j^  =  0-09  second. 

Total  time  oftivitch,  o'oi  +  o'o8  +  0*09  =  o-i8  second. 
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7.  Magnification  by  lever. — Measure  height  of  curve  at  c  from 
the  abscissa.  This  indicates  the  extent  of  shortening — e.g.,  74  mm. 
The  magnification  has  previously  been  ascertained  by  comparing 
the  length  of  the  two  arms  of  the  lever.  Suppose  lengths  ol' 
lever  were  respectively  io*3  mm.  and  257*5  mm.,  then  the 
magnification  would  be  ^yo^  =  25.  The  amount  the  muscle 
contracted  was  ^  =  3  mm. 

The  length  of  the  muscle  was  23  mm.,  consequently  the 
muscle  contracted  |-|-  x  ■^. 

8.  Work  done  during  twitch — i.e.,  product  of  load  or  weight 

lifted  X  height  through  which  it  is  raised,  but  the  magnification 

has  to  be  taken  into  account.     The  actual  load  lifted  was  5  grms. 

Height  7  e 

Work  =  -^ r? — -. —  X  Wt.  =  -^  X  s  =  I  ■;  grm.  mms. 

Magnification  25       "^  -^  ^ 

This  woi'k  was  done  in  o'o8  second,  and  the  mean  rate  of  work 

was  g^  =  175  griu.  rams,  per  second. 

The  lever  then  falls  again,  and 
in  so  doing  the  load  performs 
almost  the  same  amount  of  work 
on  the  muscle  as  the  muscle 
upon  the  load. 

9.  Hyoglossus  of  frog. — This 
may  be  called  a  classical  muscle, 
as  it  was  used  by  E.  H.  Weber. 
Comparatively  recently  its  ad- 
vantages have  been  recalled.  It 
ai-ises  from  the  anterior  edge  of 
body  of  the  hyoid  cartilage,  and 
runs  forward  under  the  mucous 
membrane  of  the  lower  jaw  to 
the  tip  of  the  tongue  with  its 
fellow  of  the  opposite  side.  It  is 
supplied  by  the  hypoglossal  nerve 
(fig.  140,  hg). 

(a)  Hemove  whole  ot  lower  jaw  by  carving  incisions  from  its 
joint  towards  the  shoulder  girdle,  and  then  join  the  two  by  a 
transverse  incision.  Place  it  on  a  crank-myograph,  mucous 
surface  upwards.  As  the  tongue  is  attached  in  front,  lift  it  by 
its  tip  (behind)  and  tie  a  thread  round  the  latter.  Pull  the 
tongue  straight  and  attach  it  to  a  myograph.  To  give  a  fixed 
point  of  support,  fix  the  hyoid  with  a  pin.  Another  way  is  to 
remove  the  upper  jaw  by  a  transverse  cut,  leaving  the  lower 


Fig.  1 40.  —Hyoglossus  of  frog,  hg  ;sh,oh, 
ph,  gh,  stemo-,  omo-,  petro-,  and 
genio-hyoid  muscles. 
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jaw.  The  muscle  is  composed  of  parallel  fibres,  and  is  not 
exposed  to  air,  as  it  is  covered  by  its  own  mucous  membrane. 
It  may  be  stimulated  directly  with  two  pins  thrust  through  a 
cork,  or  indirectly  through  its  nerve  the  hypoglossal. 

(6)  Take  a  tracing,  using  a  light  lever,  fine  electrode  wires, 
and  an  automatic  break  in  the  primary  circuit.     Add  a  time 


Fig.  X41, — Muscle-curve  of  gastrocnemius  of  frog  recorded  with  hear  suspension  levert 
jmagniflcation  10,  but  reduced  by  photography.    Time,  too  D.Y  per  second. 


Fig.  142.— As  above,  but  of  hyoglossus  of  same  frog. 

tracing,  and  mark  the  movement  of  stimulation — the  beginning 
and  end  of  the  contraction — by  vertical  arcs.  It  is  easy  to 
record  with  a  "suspension  heart-lever."  Compare  the  time 
relations  of  the  hyoglossus  and  gastrocnemius  curves  (figs. 
141,  142)- 
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10.  Correction  for  lever. — Obviously  the  curves  obtained  are  not  the 
true  form,  as  the  point  of  the  lever  records  an  arc  of  a  circle  and  not  a 
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Fig.  143.— Showing  how  true  form  of  curve  is  obtained  from  the  recorded  curve. 


Fig.  T44f(.— C,  Moist  muscle  chamber; 
L,  Tigerstedt's  recording  lever. 


Fig.  1446.— Ludwlg's  arrangement  for  record- 
ing a  muscular  contraction  (direct  stimu- 
lation) with  a  Tigerstedt's  lever,  which 
writes  at  right  angles  to  the  recording 
surface. 
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vertical  line.      Pig.  143  shows  how  the  true  form  of  the  curve  can  be 
obtained.     The  dotted  fine  shows  its  true  form. 

To  the  left  of  the  recorded  curve  record  an  arc  and  a  vertical  ordinate  ; 
the  distances,  (^  — dj,  a^  —  Oi,  show  the  extent  of  displacement  at  the 
corresponding  levels. 

11.  ReGor(£ng  lever  and  point. — Where  the  lever  is  arranged  as  m 
fig.  144— i.e.,  in  Tigerstedt's  form— the  point  writes  vertically,  and  thus 
gives  the  true  form  of  curve. 

12.  Chronographs  and  signals. — (a)  When  longer  intervals  have  to  be 
measured — e.g.,  2  or  4  records  per  second — the  spring  chronograph 
(fig.  14s)  is  most  useful.     With  the  weight  as  shown  the  oscillations  are 


Fig.  145.— A,  Recording  signal ;  B,  Spring  chronograph.    Made  by  Castagna,  of  Vienna. 
Observe  useful  "  Universal  holder  "  in  A. 


2  per  second ;  a,  mark  on  the  flat  spring  indicates'  where  the  weight  must 
be  placed  to  give  4  oscillations  per  second. 

(6)  Fig.  146  shows  a  convenient  method  of  writing  half -seconds,  where  a 
signal  is  coupled  up  in  electrical  connection  with  a  small  clock. 

(c)  The  pendvium  contact  clock,  made  by  C.  IT.  Palmer  for  T.  G.  Brodie, 
may  be  used  either  as  a  time-marker  or  exciting  clock.  It  is  really  a  modifi- 
cation of  the  old  Baltzar-Ludwig  clock.  It  gives  contact  every  second,  or 
2  to  10  to  30  or  60  seconds,  and  is  a  most  useful  apparatus ;  cost  £4 
{Joum.  of  Phys.,  Dec,  1900). 

(d)  The  form  of  recording  signal  originally  made  by  Pfeil  is  an  excellent 
instrument  (fig.  147). 

(e)  Some  use  a  flat  metallic  spring  or  reed  (arranged  as  in  fig.  148)  in 
place  of  the  tuning-fork  to  give  a  succession  of  shocks  by  vibrating  in  and 
out  of  a  pool  of  HG  in  the  circuit. 

(/)  Instead  of  using  a  signal,  the  tuning-fork  kept  vibrating  with  a 
couple  of  dry  batteries  may  be  made  to  record  its  movements  directly,  as 
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Fig.  146.— Clock  and  siguiil  to  record  half-seconds  (W.  Fetzold). 


Fig.  147.— Pfeil's  (Kroneoker)  recording  signal.    Made  by  Castagna,  of  Vienna. 
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m  fig.  148.     The  electro-motor  fork,  made  by  Zimmermann,  of  Leipzig,  can 
be  fixed  on  any  stand. 


E,  ZIMMERMANN  LEIPZia 


Fig.  14S.— Electrical  tuning-fork,  recording  directly.     Made  by  Zimmermann,  of  Leipzig. 

ig)  Transmission  chronograph. — It  is  often  necessary  to  transmit  move- 
ments from  a  distance.  This  is  most  conveniently  done  by  Marey's  tam- 
bours (fig.  149) ;  one  is  the  receiving,  and  the  other  the  recording  tambour, 
the  two  being  connected  with  an  india-rubber  tube  ;  the  whole  system  is 
filled  with  air.     In  the  "transmission  chronograph"  of   Klentensiewicz 


Fig.  149.— Marey's  tambom-  for  air-transmission  experiments,  fixed  in  a  "Universal 
holder    and  recording  on  a  clockwork  cylinder. 
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(fig.  149a),  the  pendulum  of  a  metronome  strikes  right  and  left  against 
two  air  capsules,  and  these  are  connected  by  a  common  tube  to  the 
recording  Marey's  tambour,  which  record?  the  oscillations  of  the  column 
of  £iir  in  the  tubes. 


Fig.  1490.— Transmission  chronograph,  Elemenaiewicz.    Made  by  Zimmetmann. 

(A)  An  air-transmission  chronograph  modified  in  conneetion  with  a 
metronome  is  made  by  Verdin.     (See  "Circulation.") 

(i)  Sometimes  it  is  convenient  to  record  on  a  drum  moving  on  a  horizontal 
axis  (fig.  150), 


Fig.  isoi— Chronograph  arranged  to  write  on  a  horizontal  cylinder,  as  made  by  Verdin.^ 
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13.  Drums. — Many  forms  are  used,  and  a  great  variety  are  figvired  in  the 

later  lessons.  A  useful,  inexpensive 
drum  moved  by  clockwork,  that  made 
by  Pye  of  Cambridge,  is  very  con- 
venient (fig.  151).  It  has  a  side  support 
for  levers.  It  gives  a  great  variety  of 
speeds,  and  the  drum  is  standard  size, 
6  inches  diameter.  The  clockwork  is 
independent  of  the  drum,  which  can 
therefore  be  easily  removed  for  smok- 
ing. The  clock  is  arranged  to  work 
from  the  centre  pinion  or  from  the 
mainspring  arbor,  giving  a  fast  or  slow 
motion  at  will,  each  of  which  can  be 
regulated  by  an  adjustable  fly,  thus 
acEnitting  of  a  very  wide  range  of 
speed  from  both  sources.  The  drum 
can  be  raised  or  lowered,  without  re- 
moving the  writing  levers,  when  a 
fresh  tracing  is  required. 


Fig.  iji.— Drum  made  by  Pye  &  Co., 
Cambridge. 


(For  Birch's  pattern,  see  Appendix. ) 


LESSON  XXXVI. 


ISOTONIC  AND    ISOMETRIC    CONTRACTIONS- 
WORK— HEAT-RIGOR. 


1.  Isometric  v.  isotonic  contraction  or  twitch  (A.  Fick,  tigoi). — 
In  recording  a  simple  muscular  twitch  by  a  light  lever  (with  a 
light  weight  attached),  the  muscle  is  constantly  stretched  by  and 
contracts  against  a  small  constant  resistance.  Such  a  curve  is 
isotonic.  Most  of  the  energy  set  free  during  the  twitch  appears 
as  molar  or  mechanical  energy  of  the  lever,  and  only  a  small 
part  as  tension. 

If,  however,  the  muscle  contracts  by  pulling  on  a  strong 
spring  of  great  resistance — such  a  spring,  for  example,  as  re- 
quires about  500  grms.  to  bend  it  slightly — then  the  curve 
obtained  is  isometric.  Changes  of  tension  are  recorded,  while 
change  of  length  is  practically  prevented.  The. energy  is  stored 
up  in  the  spring  tension.  The  curves  obtained  by  clinical 
dynamometers  are  of  this  class.  The  curve  is  practically  a 
record  of  the  change  of  energy  into  tension,  and  only  slightly 
that  of  change  of  form. 
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For  isometric  curves  Fiok  attached  a  muscle  to  the  short  arm  of  a  lever, 
the  other  arm  being  prevented  from  moving  much  by  the  resistance  of  a 
strong  spring,  as  shown  in  fig.  152-.  In  this  way  one  obtains  a  curve 
which  shows  little  change  of  form,  but  indicates  the  increase  and  decrease 
of  tension  during  the  contraction,  the  length  of  the  muscle  remaining  nearly 
constant ;  and  for  this  reason  Fick  called  it  "isometric."  Of  course,  an 
absolutely  isometric  curve  cannot  be  recorded.  If  numerical  results  are 
desired  the  spring  must  be  graduated. 

2.  Record  tension  of  muscle — Isometric  curve  (Fiok). — When 
the  two  ends  of  a  muscle  are  so  fixed  that  during  activity  they 
cannot  approximate  towards  each  other,  then  the  muscle  does 
not  change  its  length,  but  only  its  tension. 

One  can  record  the  change  in  tension  by  means  of  Fick's 
"tension-recorder"  (fig.  152).     One  end  of  the  muscle  is  fixed; 


A 


H 


Fig.  152.— Scheme  of  Fick's  tension-recorder.     A,  Axis  movement ;  F,  Strong  spring 
resting  on  support,  u ;  Z,  Writing-lever.    Principle  of  isometric  method. 

the  other  is  attached  by  means  of  an  inextensible  thread  which 
passes  round  a  small  pulley  fixed  on  a  steel  axis,  A.  This  axis 
carries  (i)  a  long,  light  recording  lever,  Z,  and  (2)  a  horizon- 
tally-placed steel  spring,  F,  whose  free  end  rests  on  a  support, 
u.  When  the  muscle  contracts,  the  spring,  F,  is  pressed 
against  the  support,  u.  In  consequence  of  the  opposing  tension 
of  the  spring  the  axis  can  only  be  turned  slightly,  but  this, 
movement  is  greatly  amplified  by  the  lever. 

Schonlein  has  devised  a  myograph  (Pfliiger's  Archiv.,  Bd.  52, 
p.  I  tz),  which  is  so  arranged  that  one  can  record  either  isotonic 
contractions  or  isometric  contractions.  The  isometric  curves  so 
obtained  have  been  called  "  tonograms." 

If  one  compares  an  isotonic  and  isometric  curve  from  the 
same  muscle  (fig.  153),  there  is  a  latent  period — -a  period  of 
increasing  tension  and  one  of  decreasing  tension.  The  apex  of 
the  isometric  curve  lies  nearer  the  beginning  of  the  contraction 
than  that  of  the  isotonic  curve — i.e.,  the  length  remaining  the 
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same,  the  isometric  curve  reaches  the  maximum  offjits  tension 
sooner  than  it  (the  tension  being  the  same)  reaches  the  maxi- 
mum of  its  shortening.     Moreover,  the  isometric  curve  is  flat- 


Fig.  153.— T.  D.V.  100.    (i)  Isotonic,  and  (2)  isometric  curve  of  same  gastrocnemius ; 
in  2  contracting  against  considerable  resistance. 


topped,  so  that  it  remains  for  some  time  in  contraction  (fig.  154). 

If  curves  be  taken  with 
varying  tensions,  tabulate 
and  measui-e  out  the  re- 
sults obtained. 

3.  Myotonometer  (fig.  155) 
of  Burdon-Sanderaon  is  used 
as  (i)  a  myograph  to  obtain 
"isometric"  myograms,  and 
(2)  to  measure  the  tension  and 
stress.  The  femur  is  fixed  on 
the  clamp,  and  the  tendon  is 
attached  to  a  strong  spring, 
with  writing-style  above.  For 
observations  on  the  tensions 
of  tetanised  muscle  the  spring 
is  so  stiff  that  when  the  muscle  is  tetanised  its  length  is  scarcely  altered. 
The  small  movement  is  visible  when  magnified  by  a  lever.  "  By  ascer- 
taining the  weight  which,  when  hung  on  the  spring,  will  produce  a  move- 
ment equal  to  that  produced  by  the  traction  of  the  muscle,  the  force  of 
traction  (tension)  of  the  muscle  can  be  estimated."     (Pig.  156.) 


JFig.  IS4. 


-a,  Diagram  of  isotonic ;  b,  Isometric 
muscle-curves. 
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4.  Work  by  a  simple  twitch  or  contraction. — Arrange  a  gastroc- 
nemius to  record  on  a  stationary  cylinder,  but  record  only 
the  "lift,"  as  in  Lesson  XXXIV., 
moving  the  cylinder  with  the  hand 
as  required.  On  the  lever  under 
the  muscle  attachment  place  a  scale- 
pan,  and  in  this  ,  place  weights  of 
known  value.  With  each  twitch  the 
muscle  lifts  the  weight,  and  thus 
does  a  certain  amount  of  work  which 
is  easily  calculated. 

(a)  Measure  the  height  of  the 
tracing  from  the  base  line  or  abscissa. 
This  is  conveniently  done  by  a  paper 
millimetre  scale  fixed  to  a  micro- 
scopic slide.  The  work  done,  W,  is 
equal  to  the  weight,  w,  lifted  multi- 
plied by  the  height,  h,  to  which  it 
is  lifted — 

W  =  wh. 

But,  of  course,  a  long  lever  being 
used,  the  tracing  is  much  higher 
than   the  actual   shortening  of  the        pig.  155.— Myotonometer  of 

,  <  Burdon-Sanderson. 

muscle. 


^Ayvv 


wv 


Fig.  156. — TeDsion-curve  taken  with  instrument  Bhown  in  fig.  155. 


(5)  To  determine  the  exact  amount  of  the  lift,  one  must  know 
the  length  of  the  lever  and  the  ratio  between  its  arms  and  the 
magnification  of  the  curve.     Suppose  the  one  to  be  ten  times  as 
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long  as  the  other,  then  the  total  work  in  gram-millimetres  must 
be  divided  by  lo. 

(e)  To  determine  the  maximum  of  work  obtainable,  various 
heights  must  be  tried  to  get  the  largest  product,  care  being 
taken  not  to  fatigue  the  muscle. 

(d)  If  the  total  work  be  required,  record  only  the  heights  of 
the  series  of  contractions.  Tick  uses  a  special  capstan  arrange- 
ment, or  " Arbeitssammler "  "work-adder,"  "muscle-crank," 
"  muscle-capstan,"  whereby  a  muscle  lifts  a  known  weight  by 
means  of  a  wheel.  The  apparatus  is  so  arranged  that  the 
capstan-like  wheel  does  not  slip  back  again,  but  winds  up  the 
weight  a  certain  distance  at  each  twitch.  Description  of 
apparatus  omitted  here.  (Figure  in  Cambridge  Sc.  Inst.  Co. 
Catalogue,  117,  1899.) 

(e)  Relation  of  work  to  load. — Arrange  the  coil  with  a  contact 
or  Hg-key  in  the  primaiy  circuit  to  give  only  break  shocks,  and 
with  short-circuited  key  in  the  S  current.  Attach  a  muscle  at  a 
point  on  a  simple  lever,  so  that  the  ratio  between  the  short  and 
long  arm  is  some  simple  multiple — e.ff.,  5.  As  electrodes  are 
thin  wires  direct  to  the  end  of  the  muscle,  add  a  weight  to  give 
a  tension  of  30  grms.  nearer  the  axis  than  the  muscle  attach- 
ment. To  get  actual  weight  multiply  30  by  ratio  of  distance 
of  axis  from  fixation  point  of  muscle  to  distance  of  axis  from 
weight  attachment.  Take  a  maximum  twitch.  Proceed  as 
above,  adding  a  tension  of  30  grms.  each  time.  A  series  of 
vertical  ordinates  is  obtained,  Determine  the  work  done  at 
each  twitch.  It  will  be  found  that  the  work  increases  rapidly 
as  the  load  increases,  and  reaches  its  maximum  with  a  load  of 
150  to  J 60  grms.     After  this  it  decreases. 

During  tetanus  no  weight  is  raised ;  it  is  held  suspended,  and 
of  course  no  visible  mechanical  work  is  done,  but  that  there  is  a 
great  expenditure  of  energy  is  shown  by  the  rise  of  temperature 
of  the  muscle  and  other  chemical  phenomena. 

(/)  The  "absolute  force" — i.e.,  the  weight  a  muscle  is  just 
able  to  lift — can  also  be  determined.  This  is  usually  expressed 
in  grms.  per  sq.  cm.  of  sectional  area,  as  it  depends  directly  on 
the  transverse  sectional  area  of  the  muscle. 

5.  Curve  of  heat-rigor. — (a)  Arrange  a  frog's  gastrocnemius  to  record  by 
means  of  a  orank-myograph  on  a  slow  drum,  weighting  it  with  30  to  50 
grms.  Inscribe  the  change  of  form  of  the  muscle  produced  by  pouring 
water  at  70°  C.  on  thfe  muscle. 

(6)  Or  use  Ludwig's  apparatus  (fig,  157)  with  a  sartorius  muscle.  When 
a  frog's  muscle  is  gradually  heated  from  12'  to  90°,  three  distinct  contrac- 
tions are  observed — the  initial  contraction  (about  33°)  being  most  marked, 
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the  first  secondary  at  50°  to  56°,  aiid  the  second  one  about  70°  C.  Excit- 
ability is  lost  about  38'5°  C.  The  heart  shows  only  a  slight  initial  con- 
traction and  a  second  single  well- 
marked  secondary.  Distinctive 
curves  are  also  given  by  smooth 
muscle. — "Heat-rigor  in  Cold- 
blooded Animals,"  by  H.  M. 
Vernon  (Joum.  of  Phys.,  xxiv., 
239.  1899). 

(c)  Suspend  the  hind  legs  (with 
skin)  in  water  at  50°.  Observe 
how  the  parts  of  the  limb  are 
extended  at  all  the  joints — as 
coagulation  of  the  proteids — and 
heat-rigor  takes  place.  Note 
change  in  muscles  —  opaque, 
white,  tough. 

6.  Ohordogram.  —  Engelmann 
(Croonian  Lecture,  R.  S.,  1895) 
has  shown  that  when  a  short 
length  (5  cm.)  of  an  E  violin 
string,  previously  swollen  in 
water,  is  fixed  so  as  to  record 
•any  alteration  in  its  length,  on 
suddenly  heating  the  string  the 
lever  rises,  and  on  cooling  the 
lever  falls  and  a  curve  is  recorded 
just  like  a  contraction  curve  of 
muscle.  Or  a  string  may  be  made  to  swell  by  dipping  in  hot  water  and 
then  soaking  in  concentrated  glycerine.  This  can  then  be  heated  in  air 
and  the  movements  recorded. 


Fig.  157. — Ludwig's  apparatus  for  heat-rigor 
curve  of  sartorius,  made  by  Petzold. 
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PENDULUM-MYOGRAPH— SPBING-MYOGBAPH. 

1.  Fendulum-myograph  muscle-curve. 

(a)  Cover  the  oblong  glass  plate  with  glazed  paper,  smoke  its 
surface,  and  fix  it  to  the  pendulum.  The  plate  must  be  so 
adjusted  that  the  pendulum,  on  being  set  free  from  the  "  detent " 
(fig.  158,  C),  shall  be  held  by  the  "catch,"  C.     Test  this. 

(6)  Arrange  the  P  circuit  for  single  break  shocks  (fig.  158), 
interposing  the  knock-over  key,  K'.     Short-circuit  the  S  coil. 

(c)  Fix  the  femur  of  a  N.M.  preparation  in  a  clamp  on  a 
suitable  stand,  attach  the  tendo  Achillis  to  the  writing-lever,  S, 
and  place  the  nerve  over  the  electrodes  in  a  moist  chamber,  or 
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uge  a  crank-myograph.  Load  the  lever  with  20  grms.,  and 
direct  its  point  to  the  side  to  which  the  pendulum  swings.  Fix 
the  pendulum  with  the  detent,  and  adjust  the  writing-style  of 
the  lever  on  the  smoked  surface.  Connect  the  electrodes  (or 
wires)  from  muscle  or  nerve  to  the  short-circuiting  key  in  the  S 
circuit.     After  opening  the  S  circuit,  with  the  hand  break  the 

P  circuit  to  make  cer- 
tain that  the  muscle 
responds  at  break. 

(d)  Close  the  trigger- 
key,  K',  in  the  P  cir- 
cuit, and  open  the  key 
in  the  S  circuit.  Allow 
thependulumtoswing; 
as  it  does  so  it  knocks 
over  the  key  in  the  P 
circuit  and  breaks  the 
current,  thus  inducing 
a  break  shock  in  the 
S  circuit,  whereby  the 
muscle  is  stimulated 
and  records  its  con- 
traction or  muscle- 
curve  on  the  smoked 
surface. 

(e)  Abscissa  —  •i.e., 
the  base  line.  Rotate 
the  stand  supporting 
the  muscle  to  remove 
the  writing  point  of 
the    lever     from    the 


Fig.  158.— Scheme  of  arrangement  of  pendulum. 
Battery;  /.Primary,  II,  Secondary  coil ;  S,  Tooth; 
K',  Key ;  C,  C,  Catches ;  K'in  the  comer,  scheme  of 
K' ;  K,  Key  in  primary  circuit ;  E",  Short-circuiting 
key  in  secondary  circuit. 


recording  surface.  Bring  the  pendulum  back  to  the  detent, 
adjust  the  writing-style,  close  the  trigger-key,  and  keep  the 
secondary  circuit  short-circuited.  Allow  the  pendulum  to  swing. 
This  records  the  base  line.  Note  that  it  is  curved,  and  is  an  arc 
of  a  circle  with  a  radius  equal  to  the  length  of  the  pendulum. 

(/)  Latent  period. — Bring  the  pendulum  to  the  detent,  short- 
circuit  the  S  circuit,  and  withdraw  the  writing-style  as  in  (e). 
Close  the  trigger-key;  with  a  finger  of  the  left  hand  keep  it 
closed,  allow  the  lever  to  touch  the  glass  plate  in  its  original 
position,  and  with  the  right  hand  bring  the  knife-edge  of  the 
pendulum  in  contact  with  the  trigger-key,  so  as  just  to  ppen  it. 
An  arc  of  a  circle  is  inscribed  on  the  plate,  and  indicates  the 
moment  of  stimulation. 
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(g)  Time-curve. — -Eemove  the  muscle-lever,  place  the  pendu- 
lum in  the  detent,  close  the  trigger-key,  and  adjust  the  writing- 
style  of  a  tuning-Tork,  vibrating,  say,  120  or  250  D.V.  per 
second,  in  the  position  formerly  occupied  by  that  of  the  muscle- 
lever.  Set  the  fork  vibrating,  either  electrically  or  by  striking 
it.  Allow  the  pendulum  to  swing,  and  record  the  time-curve 
under  the  muscle-curve  (figs.  159,  160  D.V.).  All  the  conditions 
must  be  exactly  the  same  as  when  the  muscle-curve  was  taken. 


Fig.  159.— Fendulum-myograph  curve-time,  loo  D.Y.  per  second  (reduced). 


250  DV. 


Fig.  160.- 


Scheme  of  pendulum-myograph  curve.    5,  Point  of  Btimulation ;  A,  Latent 
period ;  B,  Period  of  shortening,  and  C,  of  relaxation. 


(h)  Varnish  the  curve,  and  measure  its  phases.  N.B. — Note 
that  the  zero  abscissa  is  an  arc  of  a  circle  with  a  radius  equal  to 
the  length  of  the  pendulum.  Bring  ordinates  vertical,  a',  b',  c, 
to  the  abscissa,  and  make  time  measurements  of  the  "  latent 
period"  (figs.  159,  160,  A),  shortening  (B),  relaxation  (C),  and 
contraction  remainder.     Record  magnification. 

In  a  system  with  the  abscissa  represented  by  an  arc  of  a  circle, 
the  ordinates  are  radii  of  the  corresponding  circle.  Such  a 
system  is  called  a  "polar  co-ordinated  system." 

18 
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2.  Spring-myograph  (fig.  i6i). — The  avrangements  are  the 
same  as  for  the  pendulum-niyograph,  the  trigger-key  of  the 
myograph  being  placed  in  the  F  circuit. 


Fig,  161. — Upper  jigwe,  Spring-myograph,  seen  obliquely.    Lcfwer  jigure^  Simple 
form  ol  spring-myograph,  seen  from  front  (du  liois-Keymond). 

(o)  Cover  the  glass  with  glazed  paper,  smoke  it,  and  fix  it  in 
the  frame.  Push  the  plate  to  one  side,  and  fix  it  with  the  catch. 
Close  the  trigger-key,  h. 

(6)  Arrange  a  N.M.  preparation  to  write  on  the  glass  plate. 
Open  the  secondary  circuit. 

(c)  Press  on  the  thumb-plate,  a,  thus  liberating  the  spring, 
when  the  glass  plate  shoots  to  the  other  side,  the  tooth,  d,  on  its 
under  surface  breaking  the  primary  circuit,  and  the  mugcle-curve 
is  recorded, 
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(d)  Short-circuit  the  S  circuit,  push  back  the  plate,  and  fix  it 
■with  the  catch  ;  close  the  trigger-key,  and  shoot  the  plate  again 
to  record  the  abscissa. 

(e)  Time-curve. — Push  the  plate  back  again,  and  fix  it ;  close 
the  trigger-key,  in  order  that  the  conditions  may  be  exactly  the 
same  as  before;  set  a  tuning-fork  in  vibration  (120  D.V.  per 
second),  and  adjust  its  'writing-style  under  the  abscissa.  Shoot 
the  plate  again,  and  record  a  time-curve. 

3.  Study  the  improved  form  of  this  instrument  in  which  the  glass  plate 
is  set  free,  and  the  tuning-fork  vibrations  are  recorded  simultaneously 
when  a  handle  is  pressed.  It  has  a  simple  mechanism  for  adjusting  the 
writing-styles  for  the  muscle  and  abscissa  {dv  BoisSeymond). 

4.  Analysis  of  twitch  (Revolving  drum). 

(a)  Arrange  the  drum  to  move  at  a  fast  speed  (50  cm.  per  second). 

(6)  Arrange  coil  for  single  B  shocks,  the  S  circuit  short-circuited,  and 
arranged  to  stimulate  a  nerve  attached  to  a  muscle  placed  in  a  moist 
chamber,  or  on  a  crank-myograph,  as  directed  for  the  foregoing  experi 
ments.  In  the  P  circuit  introduce, 
besides  the  spring-key,  an  electro- 
magnet with  a  marking  lever  (figs. 
126,  162,  e),  and  cause  its  point 
to  write  exactly  under  the  muscle- 
lever.  Arrange,  with  its  point 
exactly  under  the  other  two,  a 
Desprez  chronograph  or  signal, 
in  circuit  with  a  tuning-fork  of 
known  rate  of  vibration,  actuated 
by  a  dry  battery.  The  three  re- 
cording levers  are  aU  fixed  on  the 
same  stand,  which  should  prefer- 
ably be  a  tangent  one — i.e.,  the 
rod  bearing  the  recording  styles 
can  by  means  of  a  handle  be  made 
to  rotate  so  as  to  bring  the  writing- 
styles  in  contact  with  the  record- 
ing surface. 

Open  the  S  circuit,  break  the  P; 
the  muscle  contracts,  and  at  the 
same  time  the  style  of  the  electro- 
magnet is  attracted  and  records 
the  moment  of  stimulation  (fig. 
126). 

The  analysis  may  also  be  done 
by  means  of  the  "automatic  break 
drum.     (Lesson  XXXV.) 

5.  Vibrating  reed  as  a  chronograph. — For  measuring  small  intervals 
of  time  this  is  very  convenient.  The  arrangement  was  first  adopted  by 
Grunmaoh,  acting  on  the  suggestion  of  Kronecker.  A  steel  tongue, 
vibrating  a  hundred  times  per  second,  covers  an  oblong  aperture  placed  at 
the  lower  part  of  a  gradually -narrowing  brass  tube,  closed  at  the  narrow 
end.     To  the  tongue  is  attached  a  stylette,  which  records  the  movements 


162. — Arrangement  for  estimating  time- 
relations  of  a  simple  twitch.  B,  Sattery; 
Ey  Key  in  primary  circuit ;  /,  Primary,  i/, 
Secondary  coil,  with  K',  Short-circuiting 
key;  2,  Muscle-lever;  e,  Electro-magnet 
in  primary  circuit;  £,  Electric  signal; 
St,  Support ;  S.C,  Drum. 

'  arrangement  attached  to  the  revolving 
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Fig.  163.— Marey's  simple  myograph,  as  madefy  Verdin. 


Fig.  164.— Marey's  transmission  myograph 
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of  the  former.     To  the  open  end  of  the  brass  tube  of  the  instrument  is 
attached  a  brass  ball  or  resonator,  and  to  the  latter  a  caoutchouc  tube. 


^■1 
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So 
no 


oCi 


as 
a-s 
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When  air  is  sucked  through  the  apparatus  the  reed  and  stylette  are  set 
vibrating.  They  may  be  kept  vibrating  by  means  of  an  aspirator  placed 
in  connection  with  a  water-tap. 
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6.  Marey's  simple  myograph  (fig.  163). — A. pithed  frog  is  pinned  on  a 
cork  plate ;  the  tendon  of  the  gastrocnemius  is  dissected  out  and  attached 
to  a  writing-lever,  which  is  weighted  with  a,  counterpoise;  the  sciatic 
nerve  is  exposed  and  stimulated  in  the  ordinary  way.  The  cylinder  moves 
on  a  horizontal  axis.  The  muscle  can  be  stimulated  while  it  is  still  in  situ, 
and  is  imder  more  normal  conditions  than  in  the  case  of  an  excised  muscle 
— e.g.,  the  circulation  of  the  blood  is  intact.  It  is  useful  for  the  study  of 
the  action  of  poisons  on  muscle  and  for  the  action  of  stimuli  on  a  muscle 
under  nearly  normal  conditions. 

7.  Marey's  transmission  myograph,  made  by  C.  Verdin  (fig.  164),  is  a 
most  convenient  apparatus  when  it  is  desired  to  transmit  the  record  of  a 
contraction  to  a  distance.  The  muscle  pulls  on  the  arm  lever  of  a  Marey's 
tambour,  and  the  latter  is  connected  by  means  of  an  india-rubber  tube  to  a 
similar  recording  tambour  in  relation  to  a  drum  (fig.  149). 

8.  Spring-myograph  of  Fredericq  (fig.  165). — This  is  arranged  as  the 
spring-myograph,  but  the  glass  plate  is  horizontal,  and  is  pulled  along 
rapidly  by  a  band  of  caoutchouc.  A  key  in  the  primary  circuit  is  opened 
by  means  of  a  pin  attached  to  the  frame  carrying  the  glass  plate  when  the 
plate  is  discharged.  In  an  improved  form  of  the  instrument,  a  steel  rod 
made  to  vibrate  at  the  moment  the  plate  is  discharged  records  a  time- 
curve  beside  the  muscle-curve. 

9.  Demonstration  myographs. —The  "railway"  form  of  Waller  and 
that  of  M'Kendrick,  and  the  water-pressure  myograph  of  Sohafer  are 
excellent.     (See  Appendix. ) 


LESSON   XXXVIII. 


INFLUENCE    OP    TEMPERATURE,    LOAD,    AND 
VERATRIN  ON  MUSCULAR  CONTRACTION. 

1.  Influence  of  temperature  on  muscular  contraction. 

(a)  Arrange  a  N.M.  preparation  on  a  crank-myograph — after- 
loaded — (Lesson  XXXV.),  using  an  automatic  break  shock  drum. 
All  the  curves  have  the  same  abscissa.  Take  a  tracing  at  the 
normal  temperature  of  the  room  (10  to  15°  C).  Mark  the 
moment  of  stimulation. 

(6)  Place  ice  on  the  skin  covering  the  gastrocnemius,  or  pour 
iced  salt  solution  on  the  exposed  muscle,  and  then  take  a  tracing 
on  the  same  abscissa.  The  contraction  is  longer  and  lower,  the 
latent  period  is  also  longer,  and  relaxation  is  greatly  increased. 
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(c)  Pour  on  the  muscle  warm  salt  solution,  and  take  another 
tracing.  Note  temperature.  Do  not  overheat  the  muscle,  or 
heat-rigor  results  (fig.  i66).  Note  that  cold  increases  the  L.P. 
and  prolongs  the  whole  contraction — both  the  rise  and  the  fall 
— but  especially  the  latter,  and  there  is  often  a  contraction 
remainder.  The  "  lift "  may  not  be  greatly  altered.  The  curve 
is  not  unlike  that  of  a  fatigued  muscle. 


Fig.  i66. — Showing  how  a  imxacle-curve  varies  with  temperature,  i  at  5°  C. ;  2,  lo' ; 
3,  15° ;  4,  20° ;  5,  25" ;  6,  30° ;  7,  35° ;  and  8,  40°  C.  The  lowest  tracing  indicates  time, 
100  D.V.  per  second ;  x>  moment  of  stimulation  by  automatic  break. 


Fig.  167. — Muscle-curve  of  gastrocnemius,  showing  normal,  effect  of  heat, 
and  of  cold. 

Other  methods. — [d)  Place  the  muscle  on  a  circular  brass  box  fitted 
into  the  wooden  plate  of  the  crank-myograph.  The  box,  B,  has  an  inflow 
and  outflow  tube,  through  which  water  01  the  desired  temperature  can 
be  passed  (fig.  136). 

(e)  Or  fix  a  muscle  in  an  apparatus  resembling  that  of  Wild  (fig.  196), 
normal  saline  of  the  appropriate  temperature  being  added. 
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2.   Hyoglossus — Record   as  in    i,   or  use   heart   suspension 
apparatus.     Test  effect  of  heat  and  cold  (fig.  i68). 


rig.  i68.— Curve  of  hyoglossus.    N,  Normal ;  H,  Hoat ;  C,  Cold.    Normal  saline 
applied  directly  (^Stvrlvng). 

Measure  out  the  Curves  and  Tabulate  the  Results. 


Temperature. 

Latent 
period. 

Contraction 
time. 

B.  elaxatlon 
time. 

"Lilt  "of  weight 
in  mm. 

Work. 

C. 

3 .  Muscle  is  paralysed  at  a  lower  temperature  than  nerve.— Arrange  two 
N.M,  preparations  in  normal  saline,  as  in  fig.  169.  B  is  entirely  immersed, 
and  only  the  nerve  of  A.  Heat  the  fluid  (37°  to  50°  C).  Stimulate  both 
nerves.     A  contracts,  but  not  B  (CI.  Bernard). 


Fig.  169.— Apparatus  to  show  effect  of  he.it  on  nerve  and  muscle. 


4.  Load  on  muscle-curve. 

(a)  Arrange  the  pendulum-myograph  as  in  Lesson  XXXVII., 
using  either  a  muscle-lever  or  a  orank-myograph.  Or,  arrange  a 
erank-myograph  (after-loaded)  to  write  on  a  cylinder  ("  automatic 
break  ").  If  there  is  a  double  crest  the  make  shock  is  active  as 
well,  and  must  be  eliminated.  Take  all  the  curves  on  the  base 
line. 
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(6)  Record  a  muscle-curve  with  the  lever  only, 
(c)  Then  load  the  lever  successively  with  different  weights  (5, 
2°)  5°,  70  .  .  .  100  grms.)      If  the  crank   be  used,   hang   the 


l^r  ontv^ 


250  DV. 


Fig.(i7o.— Fendulum-myograph  curres,  showing  the  influence  of  the  load  on 
the  form  of  the  curye. 


1-  Levfer  onjy 

2. a  grammes 

h.               S 

5.  10   — 

6.  15    -        -- 

7. 20 

8.               25   _        _  - 

1 

Fig.  171,— Effect  of  load.    BevoMng  drum  {Stirling). 

weight  near  the  axle  by  means  of  a  string.  The  weights  will 
extend  the  muscle,  but  in  every  case  the  writing-point  must  be 
brought  back  to  its  original  position  (fig.  171).  In  each  case 
record  a  curve  and  observe  how  the  curve  varies  (fig.  1 70). 
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(d)  Record  abscissa  and  time-curve.     Study  result.     Note — 
(i.)    That  L.P.  increases  with  load, 
(ii.)  Period  of  contraction  increases, 
(iii.)  Period  of  relaxation  at  first  is  diminished, 
(iv.)  Lift  or  height  of  contraction  diminishes  with  load. 

The  efiect  of  load  will  vary,  according  as  one  uses  the  (i.) 
isotonic  method,  or  (ii.)  where  the  load  only  acts  on  the  muscle 
when  it  begins  to  contract — i.e.,  "after-loaded" — or  (iii.)  the 
weight  may  be  applied  directly  to  the  muscle  itself. 

5.  Load  on  work. — Successive  additions  of  separate  weights. 
Arrange  the  experiment  as  for  work  done  (Lesson  XXXVI.,  4), 
using  break  twitches  only  and  a  stationary  drum.  Take  record 
of  successive  contractions — recording,  of  course,  only  the  "lift." 
Move  the  drum  by  hand  o'5  cm.  after  each  contraction.  Add 
successive  weights  with  constant  increment  of  lo  grms.  until  the 
muscle  ceases  to  respond.  Measure  the  tracing  and  calculate  the 
effect  of  load  on  work,  as  in  Lessons  XXXV.  and  XXXVI. 

6.  Veratrin  on  contraction. 

(a)  Destroy  the  brain  of  a  frog,  and  inject  into  the  ventral 
lymph-sac  a  few  drops  of  a  0*1  p.c.  solution  of  sulphate  or  acetate 
of  veratrin..  Or  dissolve  veratrin  in  normal  saline  with  aid  of 
weak  sulphuric  acid.  When  the  frog  is  under  the  influence  of 
the  drug  (half-hour  or  more),  discharge  a  reflex  act  by  mechani- 
cally stimulating  the  skin  of  the  leg.  The  limbs  are  extended, 
and  remain  so  for  several  seconds,  due  to  the  prolonged  contrac- 
tion of  the^  extensors  overcoming  the  flexors  and  thus  causing 
extension  of  the  legs.  Or,  apply  the  drug  by  Stirling's  sublingual 
method  if  the  hyoglossus  is  used.     (Lesson  LXV.,  5). 

(b)  Arrange  the  coil  for  single  break  shocks.  Make  and  break 
the  P  circuit  by  the  hand  with  a  simple  key.  Short-circuit  the 
secondary — i.e.,  recording  and  stimulating  arrangements  as  for 
a  simple  twitch.  Do  not  stimulate  the  muscle  often,  as  the 
veratrin  effect  diminishes  with  activity  of  the  muscle. 

(c)  Make  a  N.M.  preparation  and  fix  it  on  a  crank -myograph. 
On  dividing  the  spinal  cord  notice  the  prolonged  extension  of 
the  legs.     Or  the  muscle  may  be  stimulated  directly. 

Record  on  a  slow  drum  (i  to  2  cm.  per  sec.)  and  take  a  tracing. 
Note  that  the  muscle  contracts  quickly  enough,  but  the  twitch 
is  high  compared  with  that  of  a  non-poisoned  muscle,  while 
the  muscle  relaxes  excessively  slowly.  The  relaxation  phase 
may  last  several  seconds — i.e.,  a  kind  of  "contracture."    Record 


XXXVIII.]  INFLUENCE    OF   TEMPERATURE,   ETC. 


283 


half-seconds  or  seconds  under  the  tracing.  The  excessive  pro- 
longation of  the  twitch  is  the  remarkable  feature.  It  may 
last  50  to  60  seconds  instead  of  the  normal  -^^  of  a  second. 
Barium  salts  have  a  similar  effect.  The  tracing  may  show  an 
uneven  curve,  due  to  irregular  spasms  of  the  muscular  fibres,  or 
a  rapid  initial  contraction,  as  in  fig.  172,  may  precede  the  charac- 
teristic veratrin  curve.  Is  this  due  to  the  presence  of  different 
muscular  fibres — red  and  white — in  the  muscle  1     (Griitzner.) 


Kg.  172.- 


-  Muscle-curve  from  a  "  veratrinised  muscle,"  recorded  ou  a  slow-moving 
drum.    A,  Abscissa ;  T,  Time  in  seconds. 


{d)  Take  a  tracing  with  a  quick  drum,  and  such  a  curve  as  fig. 
173  will  be  obtained,  where  the  drum  goes  round  several  times 
before  the  relaxation  is  complete. 

(e)  If  the  "  veratrinised "  muscle  contracts  several  times,  the 
effect  passes  off — only  a  simple  twitch  being  obtained— but  is  re- 
established after  rest.  A  high  temperature  also  causes  it  to  dis- 
appear teinporarily. 

(/)  The  direct  action  of  veratrin  on  muscular  tissue  may  also 
be  studied  by  the  apparatus  described  in  Lesson  XLIIL,  and  by 


Fig.  173.— Veratrin  curve  (upper).    Normal  muscle-twitch  (lower).    Quick-moving  drum. 

this  method  it  is  easy  to  compare  the  form  of  the  curve  before 
and  after  the  action  of  the  poison  (fig.  173).  The  drum  makes 
man^  revolutions  before  the  lever  comes  to  the  abscissa  again. 

{g)  Investigate  the  effect  of  heat  and  cold  in  modifying  the 
curves  obtained.     Under  heat  the  veratrin  influence  passes  off. 
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(h)  To  contrast  its  effects,  ligature  one  thigh  as  for  the  curare 
experiiuent(Lesson  XXXIII.),and  take  tracings  of  both  muscles. 

(i)  Glycerin  injected  into  the  lymph-sac  of  a  frog  causes 
great  prolongation  of  the  relaxation  phase  of  a  simple  twitch. 
"  Veratrin-like  action  of  Glycerin,"  Langendorf  (1891)  and  Lyle 
(Journ.  oj  Phys.,  1901). 

7.  Hyoglossus  and  veratrin. — Fix  the  muscle  to  a  crank- 
myograph,  or  better  a  heart-suspension  apparatus.  Inject  a 
few  drops  of  very  weak  solution  of  veratrin  in  normal  saline 
(i  in  100,000)  into  the  sublingual  lymph-sac  by  Stirling's 
method.  This  affects  the  muscle  directly  and  promptly. 
Record  the  first  contraction,  and  the  sixth  or  tenth,  or 
some  later  one.  The  veratrin  effect  passes  off,  the  curve 
becomes  shorter,  and  not  infrequently  the  characteristic  "  double 
apex"  may  be  obtained.  If  several  contractioms  are  taken, 
the  last  may  be  almost  normal.  If  a  very  weak  solution  be 
used,  the  experiment  may  be  repeated  over  again.  If  very  weak 
solutions  of  veratrin  are  used  (i  in  100,000  or  500,000  of 
normal  saline)  and  the  muscle  exposed  to  its  action  for  a  long 
time,  the  height  and  duration  and  form  of  the  response  to  a 
single  stimulus  is  exactly  the  same  as  that  obtained  with  rapidly- 
interrupted  stimuli  (F.  Buchanan,  Journ.  of  Phys.,  iis.y.,  137, 
1899.)  -^o'"  ^^^  action  of  strychnin  on  the  red  and  pale  muscles  of 
the  rabbit,  see  J.  Carvallo  and  G.  Weiss,  Journ.  de  Phys.  et  de 
Path,  gen.,  1899.  Excellent  figures  are  given  of  the  anatomical 
arrangement  of  these  muscles  in  the  hind  limbs. 


LESSON  XXXIX. 


ELASTICITY   AND  EXTENSIBILITY    OF   MUSCLE— 
BLIX'S  MYOGRAPH. 

1.  Extensibility  and  elasticity  of  muscle. 

(as)  Prepare  a  frog's  gastrocnemius  with  the  femur  attached, 
fix  the  femur  in  a  strong  clamp,  attach  the  tendon  to  a  muscle- 
lever  with  a  scale-pan  of  known  weight,  or  a  hook  to  carry 
weights.  See  that  the  lever  writes  horizontally  on  a  drum.  It 
is  better  to  do  the  experiment  with  the  sartorius  (or  with  the 
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semi-membranosus  and  gracilis,  Lesson  XXIX.),  as  they  have 
parallel  fibres.  Turn  the  drum  and  record  a  short  abscissa,  then 
return  to  the  starting  point. 

(6)  Add  to  the  lever,  successively,  different  weights  (lo,  20, 
30,  40  .  .  .  100  grins.).  After  each  addition  let  the  muscle 
extend  fully,  move  the  drum  (i  cm.),  then  add  the  next  weight, 
and  move  the  drum,  noting  that  with  each  weight  the  muscle 
extends  less,  and  not  in  proportion  to  the  weight  added.  Remove 
the  weights  successively,  moving  the  drum  as  before.  The 
muscle  shortens,  retracts  by  elastic  reaction,  but  it  does  so  very 
slowly  and  incompletely  if  heavy  weights  have  been  added.  The 
effects  of  extensibility  and  elasticity  may  be  combined  thus. 
On  adding  10  grms.,  the' lever 
descends;  remove  the  weight 
and  the  lever  ascends. 
Move  the  drum  by  hand 
I  cm.,  and  add  20  grms.  to 
the  scale  -  pan.  This  time 
the  vertical  line  drawn  is 
longer,  indicating  greater 
extension  of  a  muscle  by  a 
greater  weight,  but  neverthe- 
less the  muscle-lever  will 
rise  to  its  original  height  on 
removing  the  weight.  Re- 
peat this  with  other  weights. 
With  the  heavier  weights 
see  that  everything  is 
securely  clamped.  If  the 
apices  of  all  the  lines  obtained  be  joined,  they  form  a 
hyperbola.     The  muscle,  therefore,  has  not  a  large  amount   of 


-Weights  to  load  muscle. 


Fig.  175a.— Curve  of  elasticity  of  a 
frog's  muscle. 


Fig.  1756. — Curve  of  elasticity  of 
india-rubber. 


elasticity — i.e.,  it  is  easily  extended  by  light  weights,  and  on 
removal  of  the  weight  it  regains  its  original  length,  so  that  its 
elasticity  is  said  to  be  perfect.      The  hyperbola  obtained  shows 
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further  that  the  increase  in  length  is  not  directly  proportional  to 
the  weight,  but  diminishes  as  the  weights  increase  (fig.  174). 

(c)  Repeat  the  same  experiment  with  a  strip  of  india-rubber. 
In  this  case  equal  increments  of  weight  give  an  equal  elongation, 
so  that  a  line  joining  the  apices  of  the  vertical  lines  drawn  after 
each  weight  is  a  straight  line  (fig.  175). 

2,  Extensibility  of  muscle  increases  during  contraction,  elas- 
ticity diminishes. 

(a)  Fix  the  gastrocnemius — or  preferably  semi-membranosus 
and  gracilis — in  a  strong  clamp,  connecting  it  to  a  lever  to 
record  on  a  drum,  and  adjust  an  interrupted  current  to  stimu- 
late the  muscle,  either  directly  or  indirectly. 

(6)  Load  the  lever  with  50  grms.  to  record  on  a  slow-moving 
drum.     Remove  the  load  aud  observe  the  curve  obtained. 

(c)  Extensibility  increasKd  in  tetanus. — Tetanise  the  muscle, 
and,  while  it  is  contracted  to  its  greatest  extent,  again  load  the 
lever  with  50  grms.  while  the  drum  is  in  motion,  and  remove 
the  load.     Observe  the  curve. 

{d)  Compare  the  two  curves.  The  second  curve,  of  course, 
begins  higher,  but  its  absolute  descent  is  greater  than  the  first 
curve,  and  it  does  not  rise  to  the  horizontal  zero  again — Le.,] 
there  is  an  "  extension  remainder." 

(e)  Eegin  with  the  drum  stationary,  using  single  break  shocks 
or  tetanising  shocks,  and  then  record  with  the  drum  in  motion. 
A  stationary  drum  may  be  used. 

3.  Blix's  myograph. — The  following  summary  is  based  on  the 
description  given  by  Prof.  F.  Schenck  {Mwrbwrg). 

The  musole-olamp  and  the  part  to,  which  the  steel  lever  is  attached 
form  a  rectangular  piece,  S  S,  which  glides  in  a  slot  formed  by  the 
guides,  R  R  and  Rj  Rj.  The  slider,  S  S,  carries  at  a  the  axis  of  the 
lever  a  b,  and  also  a  lateral  piece,  A,  placed  at  right  angles  for  the  attach- 
ment of  the  muscle,  and  one  end  of  which  is  fixed  to  the  lever  at  6.  The 
weight  is  represented  by  P,  which,  by  means  of  the  collar,  r,  presses  on  the 
lever.  This  collar,  r,  moves  to  and  fro — not  from  side  to  side — between 
two  pairs  of  fixed  studs,  1 1  and  ti  t^  (fig.  176). 

Suppose  the  slider  to  be  pushed  so  far  to  the  left  that  the  axis,  a,  just 
lies  opposite  to  the  collar,  r — a  point  which  is  adjusted  on  the  apparatus — 
then  the  tension  of  the  muscle  is  nil.  On  moving  the  slider  with  the  hand 
towards  the  right,  so  that  the  weight,  P,  acts  on  points  of  the  lever  more 
and  more  removed  from  a,  then  the  tension  of  the  muscle  increases  steadily, 
when  the  writing  point,  p,  records  the  curve  of  extension,  p,  on  a  horizon- 
tally placed  and  stationary  wooden  board  or  glass  plate  covered  with 
smoked  glazed  paper.  In  using  the  apparatus,  board,  slot,  and  slider  are 
placed  horizontally,  the  weight,  P,  is  not  applied  directly  to/,  but  to  the 
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Pig.  176.— Scheme  of  Blix's  myograph  for  taking  extension  curves  of  muscle  with  the  load 
increasing  or  decreasing.  S  S,  Slider ;  It  U  and  Jii  It^,  Guides  for  slider ;  a  b,  Lever ; 
Ay  Support  for  muscle ;  P,  Weight ;  r,  Collar ;  1 1  and-^i  ti,  Guides  for  collar  can-ying 
weight ;  p,  Recording  point. 


Fig.  177.— Marey's  apparatus  to  show  action  of  a  weight  acting  through  an  elastic 
medium     There  is  an  improved  form  of  the  apparatus  made  by  Yerdln, 
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latter  the  weight  is  attached  indirectly  by  means  of  a  cord  which  passes 
over  a  pulley. 

Apparatiis. — Blix's  myograph,  coil  arranged  for  repeated  shocks,  the 
electrodes  being  directly  connected  with  the  muscle.  The  best  preparation 
to  use  is  the  double  semi-membranosus  and  gracilis  (Lesson  XXIX.)  placed 
side  by  side  and  firmly  attached  to  the  lever.  For  these  muscles  taken 
from  a  large  Sana  esciUenta  a  weight  of  2  kilos,  is  used,  and  for  the 
corresponding  gastrocnemius  i  kilo. 

(a)  Take  a  curve  of  a  passive  muscle  from  the  point  of  greatest  tension 
to  nil  tension,  and  a  similar  one  from  a  tetanised  muscle.  Compare  the 
two  curves,  and  it  will  be  found  that  the  curve  of  extensibility  of  the 
passive  muscle  is  less  steep  than  that  of  the  tetanised  muscle— i.e.,  a, 
contracted  muscle  is  more  extensible  than  a  passive  one. 

(6)  On  a  tetanised  muscle  move  the  slider  so  that  the  tension  is  increased 
from  nil  to  the  greatest  possible — i.e.,  the  muscle  is  more  and  more 

"  loaded  " — and  then  re- 
verse this,  so  that  from 
the  greatest  tension 
there  is  gradually  "un- 
loading." The  two 
curves  so  obtained  do 
not  coincide ;  the  latter 
lies  considerably  below 
the  former.  It  would 
therefore  appear,  as  far 
as  the  contraction  is 
concerned,  that  it  is  not 
a  matter  of  indifference 
whether  the,  muscle 
is  being  gradually 
"  loaded  "  or  "  un- 
loaded." 

A  simpler  "tension- 
writer  "  is  described  by 
Blix  for  recording  iso- 
metric and  isotonic - 
curves  synchronically 
(Skandin.Arch.f.Phya.,  " 
1892,  iu.,  29s). 

4.  Elasticity  of  an 
artery. — Test  the  elasti* 
city  of  a  strip  of  aorta. 

5.  Marey's  apparatus 
for  elasticity  (fig.  177) 
consists     of      what     is 

,.  practically    a    modified 

ordmary  beam  balance  with  a  wheel  and  ratchet  to  allow  the  beam  to 
move  only  in  one  direction.  To  one  end  of  the  beam  is  suspended 
a  given  weight  by  means  of,  at  one  time,  (i)  a  rigid  metal  rod,  and 
then  by  (2)  an  elastic  band ;  the  other  end  of  the  beam  is  attached  by  a 
long  cord  to  a  given  lighter  weight,  which  is  allowed  to  fall  from  a  known 
height,  and  thus  to  act  on  one  end  of  the  lever.  If  the  weight  at  the 
opposite  end  of  the  beam  be  suspended  by  a  rigid  rod,  the  falling  weight 
produces  a  sound— a  shock- but  it  fails  to  move  the  balance  beam.    If  the 


•  177'' 


-Apparatus  of  Nicolai.les  for  extensibility  of 
muscle  (Petzold). 


XL.] 


TWO   SUCCESSrVE  SHOCKS. 


289 


weight  to  be  raised  is  suspended  by  an  elastic  cord,  then  the  energy  of  the 
falling  body  is  no  longer  lost  in  shook  and  sound,  but  the  weight  is  raised. 
The  same  amount  of  energy  transmitted  through  an  elastic  medium  results 
in  the  production  of  mechanical  work.  [See  also  Nicolaides,  Arch.  f. 
Phys.,  1896,  for  another  simple  method  of  studying  extensibility  of 
muscle  (fig.  177a)]. 


LESSON    XL. 


TWO    SUCCESSIVE   SHOCKS— TETANUS- 
COLD— METRONOME. 


1.  Two  successive  shocks. — The  P  current  may  be  broken  by 
means  of  a  revolving  drum — i.e.,  using  break  automatic  shocks 
(fig.  137).  Two  strikers  are  arranged  on  the  same  support  (IS), 
and  their  angular  deviation  adjusted  to  give  any  required 
interval  between  the  two  successive  shocks. 


Fig.  178.— Effects  of  two  successive  shocks  on  a  muscle,  t,  Second  stimulus  applied 
at  X ;  2,  Second  stimulus  applied  at  the  second  X  ;  3,  t'econd  stimulus  applied  at  X ; 
4,  Second  stimulus  applied  at  the  second  X.    Notice  "  apex-time  "  sooner  in  i  than  2. 

Fig.  178  shows  the  effect  of  summation  or  superposition  of 
one  contraction  on  another,  and  how  the  result  varies  with  the 
phase  of  the  contraction  at  which  the  second  shock  is  applied. 

Make  four  successive  experiments,  using  break  shocks. 

19 
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(i.)  Arrange  the  two  closures  for  stimulation  so  that  they  are 
a  full  muscle-curve  apart.  The  second  is  usually  slightly  higher 
than  the  first  (fig.  178,  i). 

(ii.)  Arrange  closures  to  fall  on  a  difierent  part  of  the 
cylinder,  but  on  the  same  abscissa,  so  that  the  second  stimulus 
comes  in  on  the  relaxation  of  the  foregoing  contraction.  As  the 
second  contraction  occurs  before  the  first  one  has  ended,  it  starts 
from  a  higher  level  (fig.  178,  2). 

(iii.)  If  the  second  stimulus  is  so  arranged  as  to  be  thrown  in 
on  the  ascent  of  the  first  curve,  and  before  the  apex  is  reached, 
the  second  curve  is  superposed  on  the  first,  and  the  height  of 
the  compound  is  greater  than  the  original  muscle-curve  (fig. 

178,  3)- 

(iv.)  Apply  the  second  stimulus  during  the  latent  period  of 
the  first  contraction.     There  is  practically  no  alteration  in  the 

height    of   the    curve    (fig. 

178,  3)- 

It  is  found  that 
(i)  The  greatest  rise — lift 
— of  the  double  contraction 
occurs  when  the  second 
stimulus  falls  in  the  latter 
part  of  the  ascent  of  the 
curve — i.e.,  contraction. , 

(2)  The  "apex -time" 
("  Gipfel-zeit")  or  time  of 
highest  elevation  of  the 
second  curve  occurs  sooner 
in  the  double  contraction 
than  when  the  second  con- 
traction is  discharged  on  the 
descent. 

Summation — (a)  0/  con- 
tractions.— When  two  succes- 
sive stimuli  are  rapidly 
applied  to  a  skeletal  muscle, 
the  second  twitch  is,  as  it 
were,  piled  on  the  first,  and  a  greater  "  lift "  height  is  obtained. 
If  several  rapidly-recurring  shocks  be  applied,  there  is  a  summa- 
tion of  many  twitches,  and  physiological  tetanus  is  produced.  As 
ordinarily  recorded,  a  maximal  twitch  is  not  so  high  as  a  tetanus 
(fig.  183).  This  is  due  to  the  fact  that  the  elongation  or  relaxar 
tion  phase  begins  before  the  muscle  overcomes  the  inertia  of  the 


iFig.  179. — Drum  (Sherrington)  showing  a 
' '  striker"  for  automatic  break-shocks  attached 
to  the  spindle  of  the  drum.    Key  at  side. 
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mass  to  be  moved,  and  thus  contracts  to  its  greatest  extent. 
V.  Kries  and  v.  Frey  have  shown  that  if  the  muscle  be  supported 
— e.g.,  by  means  of  the  after-load — the  muscle  contracts  more  and 
more  until,  with  shortening,  it  is  equal  to  that  obtained  in  tetanus. 
In  a  slow,  prolonged  contraction — e.g.,  in  a  veratrinised  muscle — 
there  is  no  difference  between  the  height  of  a  simple  response 
and  one  due  to  tetanic  stimuli.  (Lesson  XXXVIII.)  We 
might  therefore  expect  that  a  slow  contracting  muscle  would 
not  show  summation,  as  is  the  case  in  the  heart. 

(6)  Some  muscles,  however,  give  a  summation  of  stimuli— -i.e., 
although  each  stimulus  is  itself  ineffective  or  inadequate,  repeti- 
tion of  such  stimuli  increases  the  excitability  of  the  tissue,  so 
that  in  the  end  ineffective  stimuli  become  effective.  (Lesson 
XXXL,  10).  Summation  of  stimuli  is  a  marked  feature  in 
nervous  processes. 

2.  Genesis  of  tetanus  {Summation  of  muscular  contractions  or 
mechanical  responses). — A  tetanising  current  may  be  obtained  by 
Neef  s  hammer,  or  by  means  of  a  vibrating  rod.  Apparatus. — 
Leolanoh^'s  cells,  five  wires,  flat  vibrating  spring  (35  cm.  long  and 


Fig.  180.— Scheme  of  arrangement  for  tetanus.     V S,  Vibrating  spring;  M,  Cup  for 
mercury.    Otlier  letters  as  before. 

2  cm.  broad),  cup  of  mercury  in  a  wooden  stand,  coil,  du  Bois 
key,  drum  (rate  5  cm.  per  sec.) — i.e.,  the  cylinder  moves  once 
round  in  10  seconds — crank-myograph. 

(a)  Arrange  the  experiment  as  in  fig.  180 ;  the  coil  for  single 
break-shocks,  short-circuiting  the  S  circuit.  Place  in  the  P 
circuit  the  flat  metallic  spring,  acting  as  a  Hg-key.  One  end 
of  the  spring  has  a  needle  fixed  at  right  angles  to  it,  which  dips 
into  a  cup  of  mercury.  The  needle  hangs  just  above  the  mercury 
cup  when  the  spring  is  at  rest,  but  dips  in  and  out  of  the  mer- 
cury when  it  vibrates.  The  clamped  end  of  the  spring  is  con- 
nected with  the  battery,  while  the  mercury  cup  is  connected 
with  the  induction  coil.  Oover  the  mercury  with  alcohol  and 
water  (i  :  3)  to  prevent  oxidation,  and  keep  the  resistance  more 
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uniform.      Select  a  shock  which  gives  response  only  at  break, 
thus  eliminating  the  make  shock. 

(6)  Arrange  a  N.M.  preparation  as  in  fig.  136  to  record  on  a 
slow  drum,  using  a  short  writing-lever. 

(c)  Fix  the  flat  spring  firmly  in  the  clamp,  with  10  inches  pro- 
jecting. Allow  the  drum  to  revolve,  set  the  spring  vibrating, 
and  while  it  is  doing  so  open  the  key  in  the  S  circuit,  and  before 
the  spring  ceases  to  vibrate  short-circuit  again.  With  5,  8,  and 
10  stimuli  per  sec.  there  is  a  series  of  independent  separate  break 
contractions ;  as  the  frequency  of  stimulation  rises  there  is  less 
and  less  relaxation  of  the  muscle,  and  fusion  of  the  individual 
contractions  is  seen. 

(d)  Shorten  the  vibrating  spring  and  repeat  the  experiment, 
making  the  tracing  follow  the  previous  one. 

(e)  Make  several  tracings  on  the  same  abscissa,  following  each 
other  at  regular  intervals,  shortening  the  spring  until  the  tracing 
no  longer  shows  any  undulations — i.e.,  until  it  passes  from 
"incomplete"  (=  clonus)  into  "complete  tetanus"  (fig.  181). 


Fig.  i8i. — Curves  of  incomplete  (clonus)  and  complete  tetanus  {Stirlivg). 

(/)  Take  a  tetanus-curve  by  introducing  Neef's  hammer 
(Helmholtz's  side  wire.)  instead  of  the  vibrating  flat  spring. 

{g)  It  is  interesting  to  take  a  (i.)  simple  twitch  and  (ii.)  a 
complete  and  prolonged  tetanus-curve  on  the  same  abscissa. 
Observe  the  much  greater  shortening  during  tetanus  (fig.  183). 

(h)  Study  the  tracings.  The  first  tracings  are  indented,  show- 
ing separate  contractions,  but  gradually  there  is  more  and  more 
fusion  of  the  teeth,  until  a  curve  unbroken  by  depressions  is 
obtained.  In  the  curve  of  complete  tetanus  the  ascent  is  at  first 
steep,  then  slightly  more  gradual,  speedily  reaching  a  maximum, 
when  the  lever  practically  records  a  horizontal  line  parallel  to 
the  abscissa.  When  the  current  is  shut  ofi"  the  descent  is  very 
steep  at  first,  and  towards  the  end  very  slow. 
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The  result  is  that  the  stimuli  begin  to  follow  one  another  so 
rapidly  that  the  contractions  are  no  longer  separate,  but  fuse 
and  become  superposed — so  that  the  second  is  higher  than  the 
first,  the  third  than  the  second,  &c.  With  about  25  to  27 
shocks  per  second  there  is  complete  fusion,  and  a  smooth  even 
curve  is  recorded,  until  a  maximum  of  contraction  is  reached— 
complete  tetanus.  Where  the  fusion  is  not  complete  there  is 
incomplete  tetanus  and  clonus.  The  result  is  easier  obtained 
with  a  N.M.  preparation  than  with  a  muscle  alone. 


Fig.  182.— Tetanus  interrupter.   W,  Wood  block ;  VS,  Vibrating  spring ;  BS,  BS',  Binding 
screws ;  C,  Movable  clamp ;  C,  Clamp  to  flx  spring ;  it,  Cup  of  mercury. 


i'ig.  183. — Simple  twitch  and  tetanus  (greatly  reduced.    Curve  taken  on  same 
base  line  Xstirling). 

3.  Tetanus  of  hyoglossus. — Take  a  tetanus  curve.  Observe 
long  period  of  extension  after  the  sudden  relaxation  (fig.  184). 

4.  Effect  of  (i)  cold,  (2)  fatigue  on  fusion  of  successive  muscular 
contractions. 

(a)  Arrange  a  N.M.  preparation  to  record  on  a  slow  drum.  Cool  the 
preparation,  and  by  means  of  a  graduated  interrupter  determine  the 
number  of  single  break  shocks  required  to  produce  tetanus — i.e.,  complete 
fusion  of  successive  muscular  contractions. 
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(b)  Arrange  a  similar  experiment,  but  partly  fatigue  the  preparation  by 
faradisation  before  applying  the  rhythmical  bresi-shooks.  A  fatigued 
muscle  is  more  readily  tetanised  than  a  fresh  one. 

5.  Increasing  strength,  but  frecLuenoy  the  same. — Arrange  a  certain 
rate  of  strength  and  frequency  of  stimulation.  Observe  effect,  and  then 
push  up  S  coil,  thus  increasing  strength,  but  leaving  frequency  of  stimula- 
tion unaltered.     Observe  more  rapid  rise  of  curve. 


Fig.  184.— Tetanus  of  hyoglossus  (reduced).    Time,  100  D.V.  per  second  {Stirling). 

6.  Number  of  shocks  required  to  produce  tetanus  depends  on  the 
animal,  the  muscle,  and  the  condition  of  the  latter  ;  the  more  fatigued  a 
muscle  is  the  slower  it  contracts,  and,  therefore,  the  more  readily  does 
fusion  of  contractions  take  place.  A  fresh  frog's  gastrocnemius  requires 
about  27  to  30  shocks  per  second  to  produce  complete  tetanus.  The 
following  table  shows  approximately  the  number  of  shocks  per  second 
required  to  produce  tetanus.  If  the  muscle  be  fatigued,  then  more  or  less 
complete  fusion  takes  place  with  a  smaller  number  of  shocks  per  second. 

Shockfi  per  sec. 

Rabbit  (red  muscle),     4-10 1  {Kronecker 

,,      (white    ,,    ),  )   and  Stirling). 

Bird, ....  TOO        {Richet). 
Insects,     .       .       .  300-400  {Ma/rey). 

7.  Heat  and  cold  on  tetanus. — Take  a  tracing  with  10  or  15  shocks  per 
second,  and  then  test  the  effect  of  different  temperatures  on  the  curve. 
Pour  on  the  muscle  normal  saline  at  the  required  temperature.  Cold  helps 
the  fusion,  while  heat  makes  the  tetanus  less  complete. 

8.  If  Ewald's  coil  be  used  (fig.  106)  any  number  of  shocks  from  i  to  200 
per  second  can  be  obtained. 

9.  Shortening  during  twitch  and  tetanus. — Record  height  of  contrac- 
tions of  a  muscle  with  lever  only,  no  load,  (a)  Single  maximum  B  in- 
duction shock.  (6)  Stimulate  with  tetanising  shocks  for  brief  period. 
The  lift  is  almost  the  same  in  both  for  an  unloaded  muscle,  (c)  Repeated 
with  load  of  20  grms.  The  shortening  in  tetanus  is  now  much  greater 
than  that  due  to  a  maximum  single  shock,  {d)  Load  with  10  grms. ,  using 
the  after-loading  screw,  which  supports  the  weight  until  the  contraction 
begins.      Record  a  twitch  on  a  stationary   drum    (maximal    induction 


Shocks  per  sec. 

Tortoise,  . 

Frog  (hyoglossus),    . 

„    (gastrocnemius), 
Lobster  (claw), 
„       (tail), 

.      2          {Marey). 

.    10-15 

•    27-30 

.    20          (Richet). 

.    40          (Richet). 

XL.] 


TWO  SUCCESSIVlil  SHOCKS. 


295 


stimulus),  turn  drum  i  mm.,  raise  lever  i  mm.  by  after-load  screw,  record 
from  new  abscissa,  and  repeat  the  process,  screwing  up  the  after-load  until 
the  muscle  cannot  shorten  any  further,  so  as  to  raise  the  lever.  It  would 
appear  that  the  total  shortening  of  the  successively  after-loaded  muscle  is 
as  great  as  that  of  a  loaded  muscle  during  tetanus  {v.  Frey). 

10.  Interruption  by  a  metronome. — Insteeid  of  the  vibrating  rod  or 
Neefs  hammer,  introduce  into  the  primary  circuit  a  metronome  (fig.  185), 
provided  with  a  wire  which  dips 
into  a  mercury  cup  introduced  into 
the  P  circuit.  Vary  the  rate  of 
vibration  of  the  metronome,  and 
observe  the  effect  on  the  muscle- 
curve.  It  is  easy  to  allow  the  free 
end  of  the  rod  to  beat  against  the 
membrane  of  a  receiving  tambour 
connected  with  a  recording  tambour ; 
thus  the  beats  can  easily  be  re- 
corded. 

1 1.  Instead  of  using  the  vibrating 
spring,  a  convenient  form  is  shown 
in  fig.  182.  The  spring  is  kept 
vibrating  by  an  electro  -  magnet 
actuated  by  two  dry  cells. 

12.  Magnetic  interrupting  tun- 
ing-fork.— Instead  of  a  vibrating 
spring,  the  P  current  may  be  inter- 
rupted by  means  of  a  tuning-fork  of 
known  rate  of  vibration,  and  kept 
in  motion  by  means  of  an  electro- 
magnet. The  instrument  (fig.  186) 
is  introduced  into  the  primary  circuit;  and  every  time  the  style  on  one  of 
the  arms  of  the  tuning-fork  dips  into  and  comes  out  of  the  mercury 
placed  in  a  small  cup,  the  primary  current  ia  made  and  broken.     One 


rig.  185.— Metronome. 


Mg.  186.— Magnetic  interrupter  with  tuning-fork. 


of  the  most  important  points  in  connection  with  the  use  of  this  instru- 
ment is  to  keep  the  surface  of  the  mercury  clean  and  bright,  so  that  the 
successive  shocks  shall  be  of  nearly  equal  intensity.  In  Kroneoker's 
apparatus  for  this  purpose  the  vibrating  flat  spring  is  so  adjusted  that 
stimuli  from  i  to  50  or  60  per  second  can  oe  obtained. 

13.  Acidity  of  tetanlsed  muscle   (Lesson  XIV.). — Inject  during  the 
course  of  24  hours  into  the  ventral  lymph  sac  of  a  pithed  frog  two  or  three 
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Pravaz  syringe  fulls  of  a  5  p.o.  watery  solution  of  acid  fuchain.  Passive 
muscles  show  scarcely  any  reddish  tinge,  because  they  are  alkaline.  Kill 
the  animal,  tetanise  a  leg  for  10  to  15  minutes  by  stimulating  its  sciatic 
nerve.  The  muscles  soon  become  red,  proving  the  formation  of  an  acid. 
One  cannot,  however,  determine  by  this  means  whether  the  acidity  is  due 
to  CO2  or  lactic  acid  (see  also  Lesson  XIV.,  1). 

A  weak  neutral  solution  of  acid  fuohsin  is  decolorised  by  an  alkali.  The 
colour  is  restored  even  by  COj.  This  solution  is  decolorised  by  heat — 
escape  of  CO2 — and  remains  decolorised  in  the  cold  (Dreser,  Centrcdhlatt  f. 
Physiol.,  i.,  p.  195). 


LESSON  XLI. 

FATIGUE  AND  RECOVERY   OP  EXCISED  MUSCLE. 

1.  Fatigue  and  recovery  of  excised  muscle.— (o)  Arrange  an 
induction  coil  for  break-shocks,  but  interrupt  the  P  circuit 
automatically.     Arrange  so  that  curve  is  not  near  the  overlap 

(fig-  137)- 

(6)  Fix  a  N.M.  preparation  on  a  crank-myograph — or  use  a 
curarised  muscle  and  stimulate  it  directly — with  a  lever  and  a 
weight  of  40  to  50  grms.,  lay  the  nerve  over  the  electrodes  from 
the  short-circuited  S  coil,  and  let  the  lever  record  on  the  drum. 
A  break-shock  is  obtained  each  time  the  drum  revolves.  The 
myograph  should  be  supported  on  a  tangent  stand.  If  a  tangent 
support  be  used  for  the  muscle-lever,  although  the  muscle  con- 
tracts at  each  revolution  of  the  cylinder,  one  may  record  every 
tenth  or  fifteenth  contraction  (fig.  187).  This  is  necessary,  as  a 
muscle  may  give  one  or  two  hundred  contractions — depending  on 
load,  &o. — before  it  is  exhausted,  and  so  many  tracings  would 
blur  the  record. 

(c)  Observe  that  the  height  of  the  curves  fall,  while  their 
duration  is  longer — the  great  slowing  of  the  relaxation  being  a 
marked  feature.  In  nearly  every  case  the  fatigue-curves  from 
muscle  show  a  "staircase"  character  (fig.  188),  the  second  curve 
being  higher  than  the  first  one,  and  the  third  than  the  second. 

(d)  Becovery. — If  the  muscle  be  allowed  to  rest  for  a  few 
minutes  and  then  stimulated,  it  contracts  on  recovery. 

(e)  Similar  experiments  may  be  made  with  an  isometric  lever. 

2.  Fatigue-curve  of  excised  muscle. — (a)  Use  a  slow-revolving  drum  on 
which  to  record,  so  slow  that  the  ascent  and  descent  of  the  lever  form 
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merely  one  line.  Let  the  P  current  be  broken  at  regular  intervals  with  an 
automatic  key,  using  break  shook.  In  this  way  a  curve  such  as  fig.  i88  is 
obtained. 

(6)  Note  the  "staircase"  character  of  the  curve — i.e.,  the  second  con- 
traction is  higher  than  the  first,  the  third  than  the  second,  and  so  on  for  a 
certain  number  of  contractions.  Afterwards  the  height  of  the  contraction 
(lift)  falls  steadily,  so  that  a  line  uniting  the  apices  of  all  the  contractions 
forms  a  straight  line  (approximately). 


Fig.  187. — Tetanus-curve. produced  with  brealc-shocks.    Stimulation  every  second  by 
automatic  break  key  in  P  circuit.  '  T,  Time-curve,  100  D.  V.  per  second. 


Fig.  188.— Fatigue-cui've  of  an  excised  fiog's  muscle  recorded  on  a  slow-moving  drum. 

(c)  In  a  fatigue-curve,  where  only  the  "lift"  is  recorded,  note  that  the 
rise  of  the  lever  increases  with  the  number  of  stimuli — the  strength  of  the 
stimulus  remaining  constant,  so  that  one  gets  the  phenomenon  of  the 
"Treppe"  or  "staircase."  After  a  time  it  falls  steadily  until  the  excit- 
ability is  (temporarily)  extinguished  (fig.  188).     Note  also  that  in  the  phase 
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of  relaxation  the  lever  does  not  reach  the  abscissa — i.e.,  relaxation  takes 
place  slowly,  as  if  one  had  to  deal  with  a  so-called  "  contracture."  If  the 
march  of  events  be  arrested,  and  time  given  for  repose,  then,  on  stimulat- 
ing, the  lift  increases,  but  the  eflfect  lasts  only  for  a  short  time. 

{d)  Silhouette  curve. — If  a  muscle  be  stimulated,  say,  5  times  per  second, 
weight  10  to  20  grms.,  and  made  to  record  on  a  very  slow  drum,  it  is 
obvious  that  instead  of  distinct  vertical  lines  indicating  the  lift,  the  soot 
will  be  completely  removed,  and  a  "  silhouette,"  white  on  black,  will  show 
the  development  of  fatigue  and  contracture. 

3.  Fatigue  by  tetamaing  shocks. — Arrange  the  apparatus  with  auto- 
matic break  as  for  recording  the  latent  period  (6g.  137).  Record  a  single 
twitch.  Remove  writing  lever  from  drum  and  tetanise  the  muscle  for  10 
seconds.  Another  twitch.  Tetanise  again  for  10  seconds,  and  after  every 
period  of  tetanus  record  a  twitch.  Do  this  8  to  10  times.  Observe  the 
increased  L.P.,  the  curves  are  successively  more  extended,  the  relaxation 
less  and  less,  the  contractions  lower  and  lower,  and  both  rise  and  fall  are 
slower,  the  P  relaxation  being  more  affected  than  the  contraction. 

4.  Stimulation  of  nerve,  then  of  muscle. — ^Arrange  a  N.M.  preparation 
to  record  only  the  height  (lift)  of  its  contractions  (fig.  188).  Connect  the 
preparation  with  a  coil,  putting  in  a  commutator  without  cross-bars,  so 
that  the  current  can  be  sent  either  through  nerve  or  muscle. 

(o)  Stimulate  the  nerve  at  short  regular  intervals  (single  or  tetanising 
shocks)  until  the  muscle  ceases  to  respond. 

(6)  Turn  the  cradle  and  apply  similar  shocks  direct  to  the  muscle,  it 
responds,  although  it  did  not  do  so  to  indirect  stimulation. 

(c)  Continue  to  stimulate  the  muscle  until  it  is  exhausted — direct  fatigue 
— i.e.,  until  it  no  longer  responds  by  change  of  form.  Allow  it  to  rest ;  it 
recovers. 

5.  Polar  fatigue. — Connect  N.P.  electrodes  through  a  simple  key  with  a 
battery,  and  arrange  a  coil  for  single  induction  shocks.  Fatigue  an  excised 
sartorius  by  alternate  M  and  B  shocks  of  the  galvamc  current,  leaviag  the 
current  made  for  a  short  interval.  On  making,  finally  there  will  be  no 
response  to  the  galvanic  current.  Stimulate  with  induction  shocks  when 
the  current  is  passing.  The  muscle  will  respond,  save  when  the  kathodal 
area  is  stimulated.     The  fatigue  is  localised  in  this  area. 


LESSON  XLII. 


IWDEFATIGABILITY  OP  NERVE— SEAT  OP 
EXHAUSTION. 

1.  Can  nerve  be  fatigued? — A  muscle  manifests  fatigue — i.e., 
its  store  of  material  and  energy  are  gradually  used  up,  so  that  it 
shows  a  diminished  capacity  to  respond  to  stimulation.  Does  a 
nerve  manifest  such  phenomena  ?  From  the  fact  that  the  only 
known  sign  apparently  obtainable    during    the   activity  of  a 
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nerve  is  the  "  negative  variation  of  the  nerve-current,"  one  is 
led  to  suppose  that  probably  nerve-fibres  partake  but  little,  if 
at  all,  in  the  phenomena  of  fatigue.  Nerve  is  practically  in- 
exhaustible. 

Suppose  one  stimulated  a  nerve  of  a  N.M.  preparation  with 
tetanic  or  maximal  induction  shocks  until  the  muscle  ceased  to 
respond  to  indirect  stimulation.  This  would  afford  no  proof  that 
the  muscle  is  fatigued.  (Lesson  XLI.,  4.)  Why  t  Stimulate 
the  muscle  directly,  and  it  responds.  Therefore  the  seat  of 
fatigue  in  this  case  is  not  primarily  in  the  muscle,  but  must  be 
sought  for  either  in  the  nerve  itself  or  at  the  end-plates  where 
the  nerve  comes  into  relation  with  the  muscular  substance. 

2.  Seat  of  exhaustion — is  it  in  muscle,  nerve,  or  end-plates  P 
(J.  Bernstein,  1877). 

A.  Not  prima/rily  in  muscle. — (a)  Arrange  for  repeated  shocks. 
Connect  the  S  coil  with  a  Pohl's  commutator  without  cross-bars. 

(6)  Attach  a  N.M.  preparation  to  a  crank-myograph,  and  place 
its  nerve  on  electrodes  attached  to  a  commutator  without  cross- 
bars. Pass  two  fine  wires  through  the  muscle  and  attach  them 
to  the  other  two  binding  screws  of  the  commutator. 

(c)  Tetanise  the  nerve  until  tetanus  ceases.  Reverse  commu- 
tator, stimulate  muscle.  It  contracts.  Therefore,  the  seat  of 
fatigue  is  not  in  the  muscle. 

B.  Not  in  the  nerve  (nerve  is  practically  inexhaustible).— (a) 
Arrange  a  N.M.  preparation  coil  for  repeated  shocks  as  before. 
Place  the  nerve  on  the  electrodes  from  the  S  coil. 

(6)  Arrange  two  Leclanch^  cells  connected  to  N.P.  electrodes, 
and  short-circuited  for  a  constant  current — the  "  polarising  cur- 
rent" (Lesson  XLVIII.) — and  place  the  N.P.  electrodes  next  the 
muscle,  so  that  the  -  pole  is  next  the  muscle — i.e.,  with  the 
polarising  current  descending.  The  "polarising  current"  so 
lowers  the  excitability  of  the  nerve  as  to  "  block  "  the  passage  of 
a  nerve  impulse  through  this  part  of  the  nerve.  The  tetanising 
electrodes  are  placed  near  the  upper  cut  end  of  the  nerve. 

(c)  See  that  the  muscle  responds  when  the  stimulating  current 
acts  on  the  nerve,  then  throw  in  the  polarising  current,  when  at 
once  the  muscle  ceases  to  respond,  because  the  nerve  impulse  is 
blocked.  Stimulate  the  nerve  for  an  hour  or  longer.  We  know 
that  if  there  had  been  no  "  block  "  the  muscle  would  long  ere  this 
have  ceased  to  respond  to  indirect  stimulation. 

(d)  Close  the  key  of  the  polarising  circuit — i.e.,  remove  the 
block.      The  muscle  responds  at  once.      Therefore  the  loss  of 
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excitability  or  seat  of  exhaustion  is  not  in  the  nerve.  Where  is 
it?  It  must  lie  primarily  somewhere  between  the  nerve  and 
muscle — i.e.,  in  the  end-plates,  or  where  nerve  joins  muscle. 
Moreover,  Bowditch  has  shown  that  the  sciatic  nerve  of  a 
curarised  cat  may  be  stimulated  for  hours,  there  being  no 
muscular  response,  but  as  the  effects  of  curare,  which  is  known 
to  paralyse  the  nerve-terminals  in  striped  muscle,  pass  off,  the 
muscles  of  the  foot  respond. 

C.  The  results  of  A  and  B  may  be  combined  thus  : — 

(a)  Dissect  out  two  N.M.  preparations  {A,  B),  clamp  both  femurs  in  one 
clamp,  and  attach  straw  flags  to  legs  (fig.  124).  Lay  both  nerves  over 
du  Bois  electrodes. 

(b)  Attach  the  electrode  wires  to  two  of  the  binding  screws  of  a  commu- 
tator without  cross-bars. 

(c)  To  the  nerve  of  B,  beyond  the  du  Bois  electrodes  and  the  muscle, 
apply  a  "polarising  current"  with  its  —  pole  next  the  muscle. 

(d)  Pass  an  interrupted  current  througli  both  nerves;  A  becomes  tetanic, 
while  B  remains  quiescent ;  the  impulse  cannot  pass  because  cf  the  ' '  block  " 
produced  by  the  ' '  polarising  current. " 

(e)  Continue  to  stimulate  the  nerves  until  A  ceases  to  respond.  Break 
the  polarising  circuit — i.e.,  remove  the  block  on  B  ;  B  becomes  tetanic. 

As  both  nerves  have  been  equally  stimulated,  both  are  equally  fatigued 
or  non-fatigued.  As  B  becomes  tetanic,  the  seat  of  the  fatigue  is  not  in  the 
nerve-trunk. 

As  in  A,  the  seat  of  fatigue  was  not  in  the  muscle,  and  as  B  shows  that 
nerve-fibres  practically  do  not  manifest  the  signs  of  fatigue,  it  would  seem 
that  its  seat  must  be  somewhere  between  muscle  and  nerve — in  all  pro- 
bability in  the  end-plates. 

D.  Ether. — The  nerve  impulse  in  one  nerve  may  be  blocked  by  the  local 
application  of  ether  to  that  nerve. 

Nerve  fibres,  therefore,  offer  a  marked  contrast  to  the  other 
parts  of  the  nervous  system.  The  lines  of  junction  of  nerves 
with  other  parts  seem  to  be  more  readily  fatigued.  Nerve  cells, 
or  the  fields  of  conjunction  in  the  central  nervous  system,  seem 
to  be  markedly  suscej)tible  to  fatigue. 


LESSON  XLIII. 


MYOGBAPHIC    EXPERIMENTS    ON    MAW— 
EBGOGRAPH    AND    DYN AMOGBAPH. 

1.  Mosso's  Ergograph  for  fatigue  and  work. — By  means  of  this  in- 
strument (fig.  189)  the  student  can  study  the  process  of  fatigue 
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Pig.  1896.— Shows  complete  arrangement. 
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on  himself,  the  conditions  that  predispose  to  it,  and  the  process 
of  recovery,  as  well  as  the  effect  of  various  conditions  on  the 
fatigue-curve.  It  also  may  record  graphically  the  work  done  in 
kilogrammetres,  the  contractions  in  this  case  being  isotonic. 
The  forearm  is  fixed  by  means  of  clamps  upon  an  iron  frame- 
work, while  the  hand  also  is  firmly  fixed,  the  index  and  ring 
fingers  being  placed  iti  brass  hollow  cylinders,  while  the  middle 
finger  is  free.  The  forearm  is  placed  in  a  half-supinated  position. 
To  the  middle  finger  is  attached  a  cord,  passing  to  the  writing- 
style,  and  to  the  latter  is  attached  a  weight,  which  can  be 
varied.  The  style  writes  upon  a  recording  drum  moving 
horizontally.  The  forearm  is  fixed  in  the  apparatus,  and  the 
middle  finger  attached  to  the  writing  apparatus,  and  to  the 
latter  is  added  a  load  of  known  weight — e.g.,  2  to  3  kilos.  The 
experimenter  flexes  the  middle  finger,  lifts  the  load,  and  as  soon 
as  the  contraction  is  over  the  load  extends  the  finger.  The 
experimenter  moves  his  middle  finger  at  a  given  rate — say,  once 
every  two  seconds — either  by  listening  to  the  beat  of  a  metro- 
nome, or  observing  the  motion  of  a  pendulum  vibrating  at  a 
definite  rate  per  minute.  (A.  Mosso,  "Fatigue  of  human 
muscle,"  du  Bois-Reymond^s  Archiv.,  1890,  and  Die  Ermudung, 
Leipzig,  1892;  Warren  P.  Lombard,  "Some  of  the  influences 
which  affect  the  power  of  voluntary  muscular  contraction," 
Jowmal  of  Physiology,  xiii.,  i,  1892  ;  Z.  Treves,  Archiv.  ital.  de 
Biol.,  XXX.,  1898). 

Fatigue  for  voluntary  muscular  contraction. — (o)  Yoluntwry 
fatigue.  With  the  arm  arranged  and  fixed,  as  in  fig.  189,  con- 
nect it  to  the  recording  lever,  weighted  with  3  or  4  kilos.,  go  on 
lifting  the  weight  with  the  middle  finger  every  2"  at  the  sound 
of  the  click  of  the  metronome,  and  then  relax  the  finger.  In 
this  way  a  series  of  voluntary  records  will  be  inscribed  on  the 
drum  (fig.  190).  They  probably  will  show  a  "staircase" 
character,  but  gradually,  in  spite  of  the  operator's  greatest 
voluntary  efforts,  the  curves  will  become  less  and  less  until,  in 
fact,  he  no  longer  can  lift  the  weight.  A  state  of  "  fatigue  "  has 
set  in.     To  what  is  it  due  ? 

(6)  Seat  of  fatigue. — Proceed  as  in  (a),  but  before  doing  so 
arrange  two  collar  electrodes — merely  strips  of  copper  bent  into 
the  form  of  a  ring  and  covered  with  cotton  wool  soaked  in 
normal  saline — around  the  muscles  of  the  forearm,  and  connect 
them  through  a  short-circuiting  key  with  a  coil  arranged  for 
tetanising  shocks — ^the  coil  supplied  with  4  or  5  dry  cells 
coupled  in  series  in  the  primary  circuit.     As  soon  as  the  flexor 
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muscles  cease  with  the  greatest  voluntary  effort  to  raise  the 
■weight,  open  the  short-circuiting  key,  and  stimulate  the  muscles 
directly;  they  contract  and  the  weight  is  raised  j  go  on  repeating 
the  stimulation  by  opening  and  closing  the  secondary  circuit  at 
regular  intervals,  while  the  primary  circuit  is  kept  close,  and 
another  series  of  contractions  will  be  obtained.  Therefore,  the 
seat  of  fatigue  is  not  in  the  muscles. 

(c)  That  it  is  not  in  the  nerves  or  nerve-endings  in  the  case 
of  voluntary  fatigue  can  be  shown  by  doing  as  in  (as) — i.e., 
causing  fatigue  of  the  finger,  and  then  stimulating  the  median 
nerve  at  the  bend  of  the  elbow  by  sponge  electrodes.  As  the 
seat  of  fatigue  in  voluntary  muscular   movements   is   not  in 


Fig.  igo. — Ergographic  curves  from  two  different  individuals,  A  and  B. 
from  right  to  left.    Voluntary  fatigue. 


Bead 


muscle,  nerve-endings,  or  peripheral  nerve  fibres,  it  must  be  in 
the  cord  or  higher  centres.  We  have  no  reason  to  believe  that 
the  nerve  fibres  of  the  central  nervous  system — in  cord  or  brain 
— difier  from  peripheral  fibres.  We  may  assume  that  the  seat 
of  the  fatigue  is  to  be  sought  either  in  the  central  nerve  cells  or 
at  the  nerve  network  "  synapses  "  in  relation  to  them.  Is  this 
a  protective  arrangement? 

(rf)  Of  course,  fatigue  may  be  induced  by  keeping  the  weight 
lifted.     Try  this,  and  observe  form  of  curve. 

(e)  Vary  the  load,  the  interval  of  stimulation.  Try  the  effect 
of  short  pauses,  mental  fatigue,  general  fatigue,  tobacco,  (Sec. 
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(/)  Record  on  same  drum  ergographic  curves,  showing  suc- 
cessively (i)  voluntary  fatigue ;  (2)  fatigue  produced  by  stimu- 
lation of  the  nerve  ;  and  (3)  stimulation  of  muscle.  In  the  last 
case,  after  (i)  and  (2),  the  muscle  soon  fails. 

(g)  Recovery. — If  the  muscle  be  completely  exhausted,  as  in 
(y ),  it  takes  a  long  time  to  recover  ■  not  so  if  the  fatigue  be 
voluntary,  as  in  (a).  The  central  factor  is  sooner  restored  than 
the  peripheral. 

{h)  Work  done. — This  is  easily  calculated  from  the  weight  and 
height  of  the  lift. 

A  line  joining  the  apices  of  the  several  contractions  gives  the 
"  curve  of  fatigue  "  for  each  individual.  It  is  in  some  individuals 
nearly  a  straight  line  falling  steadily  from  the  first  to  the  last 
contraction.  In  others  there  is  a  slight  concavity  or  convexity 
upwards. 

LoTnbard'a  modification  of  the  ergograph  is  so  made  that  there  are  two 
arm  rests  for  right  and  left  arms  respectively,  and  the  apparatus  is  so 
arranged  as  to  record  on  a  drum  moving  on  a  vertical  axis  (fig.  47  in 
Petzold's  Catalogue). 

On  making  maximal  voluntary  muscular  contractions  with  the  "  weight- 
ergograph" — i.e.,  isotonic  contractions — say,  every  two  seconds,  to  study 
the  "  laws  of  fatigue,"  it  is  found  that  the  extent  of  movement  at  first  is 
great,  but  gradually  decreases,  until  after  50  to  100  contractions  the 
weight  is  no  longer  raised,  and  no  mechanical  work  is  accomplished. 
It  is  assumed  that  the  total  work  which  a  muscle  can  do  before  it  is 
fatigued  (exhausted)  is  the  product  of  the  weight  and  the  sum  total  of 
the  extent  of  the  separate  contractions.  This  is  not  quite  so,  for  the 
muscle,  although  unable  to  lift  a  given  weight,  may  be  able  to  lift  a  lighter 
one.  It  is  for  this  reason  that  various  "  spring-ergographs  "  or  ergometers 
have  been  introduced  (Franz,  Amer.  Joum.  of  Phys.,  iv.,  1900). 

2.  Myographic  experiments  on  man. 

Fick  has  devised  a  simple  apparatus  for  investigating  the 
isometric  curves  of  the  Abductor  indicis  or  interosseus  dorsalis 
primus  of  the  hand.  This  muscle  arises  by  two  heads  from  the 
adjacent  surfaces  of  the  metacarpal  bones  of  the  thumb  and 
index-finger,  and  is  inserted  into  the  dorsal  aponeurosis  of  the 
latter. 

Apparatus. — In  a  prismatic  piece  of  wood,  H,  firmly  fixed  to  a  base,  a 
hole  is  cut  down  to  the  level,  K,  through  which  one  can  conveniently  place ' 
one's  hand  (fig.  191) ;  the  ulnar  surface  of  the  hand  rests  on  the  rounded 
lower  end  of  the  hole,  while  the  thumb  rests  against  the  lateral  wall  of  the 
hole ;  in  this  way  the  hand  is  sufficiently  fixed.  Over  the  index-finger  is 
placed  a  collar  made  of  strong  iron  wire,  and  through  this  collar  project 
the  three  other  fingers,  which  hang  free,  the  collar  itself  lying  over  the 
joint  between  the  second  and  third  phalanges.  To  the  collar  is  attached  a 
strip  of  iron  with  a  notch  in  it,  by  means  of  which  it  is  attached  to  the 
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axis  of  the  lever,  which  is  one  bo  arranged  as  to  give  isometric  contractions 
as  in  fig,  189. 

When  one  attempts  to  raise  the  index-finger,  the  muscle  records  an 
isometric  curve.  As  the  collar  can  at  most  move  only  i  mm.,  and  as  the 
muscle  itself  acts  on  a  lever  about  five  times  shorter  than  the  distance  of 
the  point  of  attachment  of  the  collar  from  the  axis  of  rotation  of  the  index- 
finger,  the  muscle  can  at  most  contract  i  mm.  The  muscle  records  on  a 
revolving  surface.  (From  the  description  of  Shenok.  See  Fick,  PflUger's 
Archiv.,  Bd.  41,  p.  176). 

With  this  apparatus  one  can  study  (l)  force  of  contraction  ;  (2)  fatigue 
and  recovery ;  (3)  electrical  stimulation  of  muscle ;  (4)  mechanical  re- 
sponse elicited  by  electrical  (tetanic)  and  the  noimal  physiological  stimulus, 
and  learn  that  during  a  voluntary  contraction  there  is  a  greater  contrac- 
tion— i.e.,  a  greater  liberation — of  energy  than  during  the  strongest 
contraction  elicited  by  electrical  stimulation. 


Fig.  151.— Kck's  apparatus  for  studying  tension  of  abductor  indicia.  B,  Wooden  rod 
with  hole,  K,  fqf  hand ;  Z),  Iron-wire  collar,  acting  through  B  on  an  axle,  If,  to 
which  a  lever  is  attached.    Seen  from  the  end. 

3.  Dynamographs. — (a)  Voluntary  muscular  efforts. — Waller  has  devised 
a  simple  form.  To  the  vertical  arm  of  a  dyaamometer  of  Salter  (p.  235),  a 
strong  steel  spring  with  a  long  60  cm.  recording  arm  is  attached,  the  record 
being  made  on  a  very  slow  drum— e. jr.,  a  cylinder  placed  vertically  on  the 
hour-spindle  of  an  American  clock.  The  dynamograph  is  so  arranged  that 
it  can  be  clamped  to  a  table.  The  observer,  by  grasping  the  handle  of  the 
instrument,  makes  a  series  of  maximal  efforts,  say,  30  per  minute — i.e., 
each  lasting  two  seconds — then  he  takes  one  minute  s  rest,  and  repeats  the 
experiment. 

One  can  meatsure  the  muscular  strength  and  how  it  declines  with  each 
contraction  or  series  of  contractions,  together  with  its  recovery  during 
rest.     We  have  a  series  of  isometric  contractions. 

(ft)  A  simple  form  of  dynamometer  is  described  by  Scripture  ("The  new 
psychology,"  fig.  4,  p.  74,  1897). 

20 
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LESSON   XLIV. 


MUSCLE    THICKElfllfG— MUSCLE    WAVE. 


When  a  muscle  contracts  it  shortens,  but  its  volume  remains 
the  same.  What  is  lost  in  length  is  gained  in  thickness,  so  that 
during  the  twitch  of  a  muscle  not  only  does  it  shorten,  but  it 
also  becomes  thicker.  The  amount  and  extent  of  this  thickening 
can  be  recorded. 

1.  Thickening  of  muscle  during  contraction. — Place  a  gastro- 
cnemius on  a  narrow,  cork-covered,  wooden  support  (fig.  192). 


Fig.  J92.— Von  Bezold's  apparatus  to  record  thickening  of  muscle,  z.  Muscle  clamp ; 
r.  Bridle  over  muscle;  g.  Weight  over  pulley;  ft,  Becording  lever;  a,  Tulorum 
[jjomgendorff). 

Fix  the  femur  end  of  the  muscle  by  two  pins  which  have  wires 
soldered  to  them  to  serve  as  electrodes,  and  attach  the  tendon 
by  a  thread  to  a  band  of  india-rubber,  the  other  end  of  which  is 
so  fixed  by  a  pin,  as  gently  to  stretch  the  muscle.  Over  the 
belly  of  the  muscle  rests  a  fl!attened  plate  or  bridle  of  aluminium, 
ending  in  a  loop,  which  is  attached  to  a  recording  lever  placed 
below.  The  apparatus  used  is  practically  a  modification  of  that 
in  fig.  193. 

{ah  Take  a  tracing — simple  twitch  (automatic  break). 
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(6)  If  desired,  from  the  same  preparation  record  a  tracing 
with  a  crank  lever  to  show  curve  of  shortening.     Record  time, 
(c)  Compare  the  two  curves. 


Kg.  193.— Apparatus  for  recoidiDg  increase  of  thickness  of  muscle  during  contraction. 
M,  Muscle ;  BL,  Electrodes ;  IR,  India-rubber  band ;  V,  Wooden  support ;  B,  Bridle 
over  muscle ;  L^  Recording  lever. 

2.  Thickening  of  a  muscle  during  contraction. — (a)  Arrange  a  Marey's 
tambour  to  write  on  a  pendulum-myograph  (fig.  194). 

(5)  Eix  Marey's  pince  myographique  (fig.  194a)  so  as  to  compress  the 
adductor  muscles  between  the  thumb  and  the  metacarpal  bone  of  the 


Fig.  194. — Marey's  registering  tambour.  Metallic 
capsule,  T,  covered  with  thin  india-rubber,  and 
bearing  an  aluminium  disc,  which  acts  on  the 
writing  lever,  B. 


Fig.  19411. — Uarey's  pinee 
myographique  [Verain). 


index-finger,  keeping  the  two  arms  together  with  an  elastic  band.  Or  use 
a  pair  of  toy  bellows,  to  the  arms  of  which  plate-like  electrodes  are  fitted 
and  connected  with  binding  screws.      Keep  the  handles  of  the  bellows 
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pressed  upon  the  adductor  muscles  by  means  of  an  elastic  band.  Connect 
the  receiving  tambour  of  the  pince  or  the  nozzle  of  the  bellows  with  the 
recording  tambour,  introducing  a  valve  or  T-tube  with  a  screw  clanip  into 
the  connecting  elastic  tube,  to  regulate  the  pressure  of  air  within  the 
system  of  tubes. 

(c)  Arrange  a  coil  with  the  trigger-key  of  the  pendulum-myograph  in  the 
P  circuit,  and  the  pince  or  bellows  in  the  secondary.  Take  a  tracing. 
The  time  relations  of  the  contraction  are  determined  in  the  manner  already 
stated  (Lesson  XXXVII.). 

Muscle  wave. — When  a  muscle  contracts  all  parts  do  not  con- 
tract simultaneously  ;  the  contraction  travels  along  the  muscle 
in  the  form  of  a  wave.  In  studying  any  wave  we  require  to 
know  its 

(i)  Amplitude.     (Determined  already  by  recording  change 
of  diameter  or  thickness.) 

(2)  Length. 

(3)  Velocity  or  rate  at  which  it  travels. 

The  length  of  the  wave — about  30  cm. — is  found  to  be  far 
greater  than  the  length  of  the  individual  fibres  of  the  muscle. 

3.  Velocity  of  muscle-wave.— This  is  best  measured  by  Bieder- 
mann's  modification  of  v.  Bezold's  method.  A  muscle  with 
parallel  fibres — sartorius — is  fixed  a  little  to  one  side  of  the 
middle  line  in  a  cork  clamp  so  that  the  direct  transference  of 
the  change  of  muscle  form,  but  not  the  excitation  process  in  the 
muscle,  is  prevented  from  passing — i.e.,  one  part  of  the  muscle 
is  stimulated  while  the  other  part  records. 

(a)  Arrange  coil,  commutator  without  cross-bars  and  two  pairs 
of  thin  wires,  so  as  to  be  able  to  send  a,  single  maximum  break- 
shock  through  either  pair  of  wires.  (Lesson  XXXIII.)  Let 
the  P  current  be  broken  by  the  automatic  drum  key.  Kecord 
contraction  (crank-M)  and  time  (ydtj-")- 

(6)  Prepare  the  sartorius — or  semi-membranosus  and  gracilis 
— of  a  Gura/rised  frog  (p.  221),  and  connect  its  tibial  end  with  the 
myograph-lever. 

(c)  Clamp  the  muscle  a  little  to  the  tibial  side  of  its  middle  in 
a  cork  clamp,  made  by  pushing  two  pins  parallel  to  each  other 
through  two  thin  pieces  of  cork  ;  the  points  of  the  pins  fix  the 
preparation  on  the  support  (fig.  i9S)- 

(d)  Thrust  two  pin  electrodes  through  the  muscle  close  to  the 
clamp  and  two  near  its  free  end,  and  connect  them  with  the 
commutator,  so  that  the  muscle  can  be  stimulated  either  near 
the  clainp  or  far  away  from  it.  Stimulate  the  muscle  first  near 
the  clamp  and  record  the  contraction,  reverse  commutator — 
excite  it  away  from  the  clamp  and  record.     Two  curves,  one 
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rising  later  than  the  other.  The  distance  between  the  two 
indicates  the  time  taken  by  the  wave  of  contraction  to  pass  over 
the  distance  from  the  far  to  the  near  electrodes.  Measure  the 
distance  between  the  electrodes  and  calculate  its  velocity.  It 
varies  from  i  to  2  metres  per  sec. 

(e)  Test  the  efiect  of  cold  normal  saline  in  slowing  its  rate. 


Fig.  195.— Muscle  wave.    E,  B',  Pin  electrodes ;  0,  Cork  clamp ;  L,  Lever. 

4.  (a)  Arrange  two  long  straw  levers  on  a.  frog-plate  so  that 
ihe  two  free  ends  of  the  levers  record  exactly  over  each  other 
on  a  drum.     Record  time  (xJtt")- 

(6)  Remove  the  double  semi-membranosus  and  gracilis  (p.  221) 
of  the  thigh  from  a  curarised  frog,  together  with  their  bony 
attachments,  and  place  them  under  the  levers — the  levers  lying 
across  them,  and  as  far  apart  as  possible.  Let  the  muscles  rest 
on  paraffined  paper.  Fix  the  muscles  through  their  bony  attach- 
ments by  means  of  pins.  Through  one  end  of  the  muscles  near 
the  lever  push  two  pins  attached  to  wires  to  act  as  electrodes. 
Some  prefer  the  two  sartorii  muscles,  fastened  together,  the  one 
lying  on  the  other  and  fixed  by  means  of  pins. 

(c)  Stimulate  with  a  maximal  break  induction  shock  and  note 
that  two  curves  on  different  abscissae  are  obtained,  the  one  a 
little  later  than  the  other.  The  distance  between  the  two  indi- 
cates the  time  taken  by  the  contraction  to  pass  from  the  one 
lever  to  the  other.     Test  the  effect  of  cold  normal  saline. 

{d)  Measure  the  curves. — Suppose  the  distance  between  the  two  levers 
resting  on  the  muscle  to  be  15  mm.  Each  lever,  of  course,  records  the  in- 
crease of  thickness  at  its  point  of  application,  but  lever  2  rises  later  than  i. 
Measure  the  latent  periods  of  the  two  curves.  Suppose  them  to  be  0^004 
sec.  and  o'oog  sec.  respectively;  difference  =  0'005  sec. — i.e.,  the  muscle 
wave  travelled  15  mm.  in  this  time.  Therefore  its  rate  was  3-3  mptres 
per  sec. 

IS  mm.  :  i"  :  :  0-005"  =  N  =  3-3. 

The  length  of  the  wave  is  represented  by  velocity  x  duration.  From  the 
time  tracing  ascertain  the  time  occupied  from  the  rise  of  lever  (i)  uutU 
lever  (2)  rSaohea  the  abscissa.  Suppose  it  to  be  o'oS  sec.  Hence  velocity 
(3 '3  metres)  x  duration  (o'oS  sec.)  =  26-4  cm.,  length  of  muscle  wave. 
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5.  Volume  of  oontracting  muscle. — Although  the  muscle  changes  its 
form,  there  is  no  change  of  volume.  There  are  several  simple  methods  of 
showing  this. 

(a)  Use  a  small  glass  vessel  like  a  pyenoraeter  for  estimating  the  S.Gr., 
with  two  platinum  contacts  fused  into  its  lower  end  to  serve  as  electrodes. 
The  vessel  is  provided  with  a  well-ground  stopper  prolonged  into  a  capil- 
lary tube — i.e.,  with  a  very  narrow  lumen. 

Remove  the  skin  from  the  hind  limbs  of  a  frog,  or  use  the  double  semi- 
membranosus and  gracilis  muscles  (Lesson  XXIX.,  5),  prepared  under 
boiled  but  cold  o-6  p.c.  NaCl.  Place  the  preparation  in  the  vessel  between 
the  two  platinum  contacts,  and  fill  it  with  the  boiled  saline.  The  stopper 
is  then  filled  by  sucking  it  full  of  fluid,  a  caoutchouc  tube  being  attached 
for  the  purpose.  It  is  then  inserted  into  the  vessel.  See  that  there  are  no 
air-bubbles.  Or  use  a  volume  tube,  tapering  to  one  end,  and  provided  at 
its  opposite  end  with  electrodes  —one  passing  ^hrough  the  upper  caoutchouc 
stopper,  and  the  other  through  a  cork  placed  m  the  lower  opening.  In  the 
upper  stopper  is  placed  a  glass  rod  and  a  tube.  Hook  the  hind  limbs  to 
the  upper  electrode,  drawn  out  to  a  narrow  capillary.  Overfill  the  tube 
with  boiled  normal  saline,  and  replace  the  stopper  in  the  tube,  excluding 
all  air-bubbles.  Adjust  the  height  of  the  fluid  in  the  capillary  tube  by 
raising  or  depressing  the  glass  rod  in  the  stopper  until  the  water  niveau  is 
distinctly  seen.  On  passing  a  single  break  induction  shock  through  the 
preparation  and  causing  it  to  contract,  no  change  in  the  level  of  the  water 
is  observed. 

6.  Wild's  apparatus  consists  of  a  glass  cylinder  made  by  inverting  the 
neck-end  of  a  two-oimce  phial.  The  neck  is  fitted  with  a  cork,  the  upper 
end  is  open  (fig.  196,  B).     A  wire  connected  with  a  key  (K'j  short-circuiting 


Fig.  106.— Wild's  apparatus  for  stu^ng  the  action  of  drugs  on  muscle.     D,  Drum ; 
P,  Platform ;  S,  Stand ;  al,  After-load ;  i,  Lever ;  B,  Bottle  with  muscle ;  K',  Key. 

the  secondary  coil  of  an  induction  machine  perforates  the  cork.  Arranged 
above  is  a  light  lever  (L),  provided  with  an  after-load  (aZ),  and  moving  on 
an  axis,  the  short  arm  projecting  over  the  mouth  of  the  jar.  The  whole 
arrangement  is  fixed  on  a  platform  (P),  with  an  adjustable  stand  (S)  bear- 
ing the  fulcrum  of  the  lever  and  the  after-load.  The  cork  must  be  renewed 
with  each  new  drug  used. 

(a)  Dissect  but  the  gastrocnemius,  divide  the  femur  with  the  gastro- 
cnemius attached  just  above  the  origin  of  the  latter,  and  the  tibia  below  the 
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knee-joint.  Pass  a  metal  hook  through  the  knee-joint  or  its  ligaments,  and 
attach  it  to  the  hook  on  the  short  arm  of  the  lever.  Fix  tendo  Aohillis  to 
a  hook  connected  with  the  wire  passing  through  the  cork  in  the  neck  of  the 
glass  cylinder. 

(6)  Nearly  fill  the  vessel  with  normal  saline.  Stimulate  directly  with  a 
break-shock,  using  a  Hg-key  in  the  P  circuit,  and  take  a  tracing. 

(c)  Remove  the  normal  saline  with  a  pipette,  and  replace  it  with  a  solu- 
tion of  the  drug  whose  action  you  wish  to  study — e.g.,  veratrin  i  in  5000, 
or  barium  chloride  i  in  1,000.     Study  the  veratrin  tracing  (fig.  173). 

7.  Interference-phenomenon  in  N.M.  preparation. — Arrange  a  N.M. 
preparation  in  a  moist  chamber,  and  weight  the  recording  lever  with  20 
grms.  Place  the  central  end  of  the  nerve  over  platinum  electrodes,  and 
allow  a  portion  of  the  nerve  nearer  the  muscle  to  hang  in  the  form  of  a  loop 
in  contact  with  strong  glycerin.  The  muscle  becomes  tetanic.  Throw  in 
an  interrupted  current,  the  tetanus  is  diminished.  Is  this  interference- 
phenomenon  an  inhibitory  one?    (Kaiser,  Zeitseh.  f.  Biol.,  1891,  p.  417.) 


LESSON  XLV. 


GALVAITOMETEI^-N.P.  ELECTRODES— SHUNT— 
CTJHBEH-TS  IM"  MUSCLE,  NERVE,  HEART. 

Fob   studying  the   electromotive  phenomena    of   muscle    and 
nerve  a  sensitive  galvanometer  is  required. 

1.  Thomson's  (Kelvin's)  high-resistance  astatic  galvanometer. 

In  this  instrument  the  pair  of  suspended  magnets  are  verynearly 
astatic,  and  each  is  surrounded  by  many  turns  of  fine  insulated 
wire,  thus  giving  a  high  resistance  of  10,000  to  20,000  ohms.  As 
the  resistance  of  both  nerve  and  muscle,  as  well  as  the  N.P. 
electrodes,  is  very  high,  this  is  of  no  moment.  This  explains 
why  the  galvanometer  is  defined  as  "  high  resistance "  and 
"astatic;"  "reflecting,''  because  a  slightly  concive  mirror,  by 
means  of  which  a  beam  of  light  can  be  reflected  on  a  scale,  iia 
attached  to  the  upper  magnet. 

(a)  Place  the  galvanometer  (fig.  197)  on  a  stand  unaffected  by 
vibrations — e.g.,  on  a  slate  slab  fixed  in  the  wall,  or  a  solid  stone 
pillar  fixed  in  the  earth,  taking  care  that  no  iron  is  near. 

(6)  Let  the  galvanometer  mirror  face  west — i.e.,  with  the  plane 
of  the  coils  in  the  magnetic  meridian — the  magnetic  meridian 
being   ascertained   by   means   of  a   magnetic  needle.      As  the 
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galvanometer  is  a  differential  one,  make  it  a  single  one  by 
connecting  the  two  central  binding  screws  on  the  ebonite  base 
■with  a  copper  wire. 

(c)  By  means  of  the  three  screws  level  the  galvanometer. 

(d)  Take  off  the  glass  cover  and  steadily  raise  the  small  milled 
head  on  the  top  of  the  upper  coils,  which  frees  the  mirror,  and 

allows  it  to  swing  free.     Replace 
the  glass  shade. 

(e)  Place  the  scale  (fig.  198)  also 
in  the  magnetic  meridian  and 
I  metre  from  the  mirror,  taking 
care  that  it  is  at  the  proper  height. 
Instead  of  a  slit  in  the  scale,  it  is 
better  to  fix  in  it  a  thin  wire,  and 
by  means  of  a  lens  of  short  focal 
distance  to  bring  the  image  of  the 
wire  to  a  focus  in  the  middle  of  the 
illuminated  disc  of  light  reflected 
from  the  mirror  upon  the  scale. 


ilg.  107. — ^Thomson's  (Kelvin's)  re- 
flecting galvanometer,  u,  Upper; 
I,  Lower  coil ;  «,  s,  Levelling  screws  ; 
m,  Magnet  on  brass  support,  i. 


Fig.  igS.— Lamp  and  scale  tor 
Thomson's  galvanometer. 


(/)  Light  the  paraffin  lamp,  place  the  edge  of  the  flame 
towards  the  slit,  darken  the  room,  and  see  that  the  centre  of  the 
scale,  its  zero,  the  slit  in  the  scale,  the  flame  of  the  lamp,  and 
the  centre  of  the  mirror  are  all  iu  the  same  vertical  plane,  so 
that  a  good  light  is  thrown  on  the  mirror  and  a  distinct  image 
on  the  scale.     A  better  arrangement  is  an  incandescent  electric 


XLV.] 


ELECTROMOTIVE   PHENOMENA. 


313 


; 


lamp  enclosed  in  a  blackened  asbestos  box,  with  a  vertical  slit  in 
the  dial.  The  light  from  this  is  collected  by  a  projecting  lens 
upon  the  mirror. 

(gf)  Make  the  needle  all  but  astatic  by  means  of  the  bar 
magnet,  m.     The  needle  is  Tnoat  sensitive  when  it  swings  slowly. 

(K)  Test  the  sensitiveness  of  the  galvanometer  by  applying 
the  tips  of  two  moist  fingers  to  the  two  outer  binding  screws  of 
the  instrument,  when  at  once  the  beam  of  light  passes  oflf  the 
scale. 

2.  Non-polarisable  (N.P.)  electrodes.— One  may  use  the  old 
form  of  du  Bois-Reymond,  the  simple  tube  electrodes,  or  the 
"  brush  electrodes "  of  v.  Fleischl  (fig.  203). 

The  contact  of  metal  electrodes  with  an  electrolyte  leads  to 
the  generation  of  polarisation  currents,  hence  metallic  electrodes 
should  not  be  used  for  studying  the  efiect  of  galvanic  currents  on 
nerve  or  muscle,  or  for  electromotive  phenomena. 

A.  (a)  Use  perfectly  clean  glass  tubes  (3  cm.  x  5  mm.), 
tapering  somewhat  near  one  end.  Plug  the  tapered  end  with 
china  clay,  made  by  mixing  kaolin  into  n 
paste  with  normal  saline.  Push  the  clay 
into  the  lower  third  of  the  tube,  using  a 
fresh-cut  piece  of  wood  or  thin  glass  rod  to 
do  so,  allowing  part  of  the  clay  to  project 
beyond  the  tapered  end  (fig.  199,  t,  i). 

(6)  With  a  clean  pipette  half  fill  the  tube 
with  a  satv/rated  neutral  solution  of  ZnSO^. 
Make  two  such  electrodes. 

(c)  In  each  tube  place  an  amalgamated  zinc 
wire  with  a  copper  wire  soldered  to  its  upper 
end,  Z,  Z,  fix  the  electrodes  in  suitable 
holders  in  a  moist  chamber,  and  attach  the 
wires  of  the  zincs  to  the  binding  screws  of 
the  moist  chamber.  The  zinc  should  not 
touch  the  clay. 

B,  Some  prefer  a  U-shaped  glass  tube  held  in  a  suitable 
holder  attached  to  a  vulcanite  rod  in  tha  moist  chamber 
(Sanderson's  pattern).  The  tube  contains  a  saturated  solution 
of  ZnSO^.  In  one  limb  of  the  tube  is  placed  a  rod  of  amalga- 
mated zinc,  and  in  the  other  a  straight  tube  with  a  slight  flange 
at  its  upper  end  filled  with  kaolin  moistened  with  normal  saline, 
the  kaolin  projecting  as  a  cap  above  the  level  of  the  U-shaped 
tube.  The  muscle  is  placed  on  the  two  corresponding  kaolin 
caps. 


n 


I 


Mt 


Fig.  igg. — Non-polaris- 
able electrodes.  Z, 
Zincs;  K^  Cork;  a, 
Zinc  sulphate  solu- 
tion ;  t,  if  Clay  points. 
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The  shunt  is  an  arrangement  by  -which  a  greater  or  less  pro- 
portion of  a  current  can  be  sent  through 
a  galvanometer  (fig.  200).  The  brass  bars 
on  the  upper  surface  are  marked  with  the 
numbers  -^,  -^j  -g^,  indicating  the  ratio 
between  their  resistance  and  that  of  the 
galvanometer,  so  that  when  the  plug  is 
inserted  in  the  several  positions  ^,  ^^, 
or  1^^  of  the  whole  current  can  pass 
through  the  galvanometer.  The  short- 
circuiting  key,  0,  enables  all  the  current 
to  be  sent  through  the  battery  circuit  and 
none  through  the  galvanometer. 

Fig  200  -Shunt  *•  M^^scle  demarcation-cuiTent  (cnrrent  of 

injury). 

(a)  Arrange  apparatus  (fig.  201).  Place  shunt  between  the 
N.P.  electrodes  and  galvanometer.  Connect  two  wires  from  the 
electrodes  to  the  binding  screws.  A,  B,  of  the  shunt,  and  from 


Fig.  201. — Arrangement  of  apparatus  for  demarcation-current  of  muscle.  M,  Muscle  on 
a  glass  plate,  P  ;  S,  Shunt ;  ff,  Galvanometer ;  Mg^  Its  magnet  moved  hy  the  milled 
head,  m ;  L  and  Sc^  Lamp  and  scale. 

the  same  binding  screws  attach  two  wires  to  the  galvanometer. 
Insert  a  plug,  C,  between  A  and  B,  thus  short-circuiting  the 
muscle-current.  When  working  with  muscle,  keep  a  plug  in  the 
gap  opposite  ^  on  the  shunt.      Arrange  lamp  and  scale  to  give 
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good  image  of  the  mirror  on  the  scale  zero — adjusting,  if  neces- 
sary, by  means  of  the  magnet  moved  by  the  milled  head  on  the 
top  of  the  glass  shade  (fig.  201,  rri). 

(hi)  Test  the  electrodes,  either  by  bringing  them  together  or 
by  joining  them  with  cotton  thread  covered  with  china-clay 
paste.  After  removing  all  the  plugs  from  the  shunt,  there 
ought  to  be  no  deflection  of  the  spot  of  light.  If  there  is  none, 
there  is  no  polarity,  and  the  electrodes  are  perfect.  If  there  is 
much  deflection,  make  new  electrodes. 

(c)  Ascertain  direction  of  current  in  galvanometer. — Make  a 
small  Smee's  battery  with  a  2-ounce  bottle.  Place  in  a  w.m. 
bottle  dilute  sulphuric  acid  (i  :  20),  as  also  a  zinc  (  -  )  and  a  copper 
wire  (  +  ),  with  wires  soldered  to  them.  Connect  them  with  the 
galvanometer.  Arrange  the  shunt  so  that  y^  or  \^(^(,  part  of 
the  galvanic  current  thus  generate(^  goes  through  the  galvano- 
meter. Note  the  deflection  and  its  direction.  Arrange  the 
N.P.  electrodes  in  the  same  way,  and  observe  which  is  the  nega- 
tive and  which  the  positive  pole  corresponding  to  the  zinc  and 
copper  of  the  battery.  If  the  north  binding  screw  of  the  galvano- 
meter be  positive,  the  spot  of  light  moves  to  the  left,  and  vice 


(d)  Prepare  muscle.  —  Prepare  either  sartorius  or  semi- 
membranosus, which  consist  of  parallel  fibres,  but  avoid  touch- 
ing the  muscle  with  the  acid  skin.  Lay  it  on  a  glass  plate  or 
block  of  paraffin  in  a  moist  chamber.  Keep  one  plug  in  the 
shunt  at  0  to  short-circuit  the  electrodes,  and  the  other  plug  at 
■J-.  Make  a  fresh  transverse  section  at  one  end  of  the  muscle, 
and  adjust  the  point  of  one  electrode  exactly  over  the  centre 
(equator)  of  the  longitudinal  surface  of  the  muscle.  Apply  the 
other  electrode  exactly  to  the  centre  of  the  freshly-divided 
injured  transverse  surface  (fig.  201). 

(e)  Current  of  injury. — Remove  the  short-circuiting  plug,  0, 
from  the  shunt,  keep  one  plug  at  ^,  so  that  -^^  of  the  total  current 
from  the  muscle  goes  through  the  galvanometer.  Note  the  direc- 
tion and  extent  of  the  deflection.  By  noting  the  direction,  and 
from  the  observation  already  made  (c)  one  knows  that  the  longi- 
tudinal surface  of  the  muscle  is  +  ,  and  the  transverse  section  -  . 
Replace  the  plug-key,  C,  and  allow  the  needle  to  come  to  rest 
at  zero.  The  deflection  was  caused  by  the  current  of  injury, 
and  it  flows  outside  the  muscle  from  the  equator  or  middle  of 
the  muscle  towards  the  cut  end.  It  is  also  called  the  demarcation 
current,  because  the  difierence  of  potential  appears  at  th  e  demarca- 
tion between  the  dying  and  the  injured  muscle.  The  injured  part 
of  a  muscle  is  negative  to  the  uninjured  part,  and  the  current  in 
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the  galvanometer  is  from  the  longitudinal  (  +  )  surface  to  the 
injured  negative  transverse  surface. 

(/)  Bring  the  N.P.  electrode  on  the  longitudinal  surface 
nearer  to  the  end  of  the  muscle,  and  note  diminution  of  deflec- 
tion of  needle.     Replace  plug  C. 

{g)  Vary  the  position  of  the  electrodes  and  note  the  variation  in  deflec- 
tion. If  equidistant  from  the  equator,  there  is  no  deflection.  It  is  greatest 
with  one  electrode  on  the  equator  and  the  other  on  the  centre  of  the  trans- 
verse section  of  a  muscle  with  parallel  fibres.  The  deflection — i.e.,  the 
electro-motive  force — diminishes  as  the  electrodes  are  moved  from  the 
equator  or  the  centre  of  the  transverse  section.  In  certain  positions  no 
deflection  is  obtained. 

5.  Negative  variation  of  muscle-current. 

(a)  Use  the  same  muscle  preparation  or  the  gastrocnemius 
with  the  sciatic  nerve.  Divide  the  muscle  transversely,  and  lay 
the  artificial  transverse  section  on  one  electrode,  and  the  longi- 
tudinal surface  on  the  other.  Observe  the  extent  of  the  deflec- 
tion. 

(6)  Adjust  at  some  distance  from  the  galvanometer  a  coil  for 
repeated  shocks. 

•  (c)  Take  the  demarcation-current,  observe  the  deflection,  and 
allow  the  spot  of  light  to  take  up  its  new  position  on  the  scale. 
Tetanise  the  muscle  through  its  nerve,  the  spot  of  light  travels 
towards  zero.  This  is  the  "negative  variation  of  the  muscle- 
current."  If  the  gastrocnemius  be  used,  stimulate  the  sciatic 
nerve.  Care  must  be  taken  that  the  muscle  does<not  shift  its 
position  on  the  electrodes. 

I  According  to  Hermann's  theory,  it  is  brought  about  as 
follows : — An  injured  part  of  a  muscle  (or  nerve)  is  nega- 
tive to  an  uninjured  part — "negativity  of  injury,"  and  similarly 
an  active  part  of  a  muscle  is  negative  to  an  inactive  part^ 
"  negativity  of  activity."  The  demarcation-current  or  injury- 
current  passing  in  the  galvanometer  from  the  longitudinal  -i-  to 
the  transverse  —  surface  is  diminished,  because  when  the  muscle 
contracts  there  is  a  current  set  up — action- current — in  the 
opposite  direction,  which  diminishes  the  total  current  acting 
on  the  galvanometer. 

6.  Demaroation-current  of  nerve. — [a)  Make  the  galvanometer  as  sensi- 
tive as  possible  by  adjusting  at  a  suitable  height  the  north  pole  of  the 
magnet  over  the  north  pole  of  the  upper  needle. 

(6)  Prepare  N.P.  electrodes  for  a  nerve.  In  this  case  the  electrodes  are 
hook-shaped,  and  one  is  adjusted  over  the  other.  The  upper  hooked 
electrode  has  a  groove  on  its  concivity  communicating  with  the  interior  of 
the  tube  (fig.  202).     Place  only  one  plug  in  the  shunt  between  A  and  B. 
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(c)  Dissect  out  a  long  stretch  of  the  sciatic  nerve,  make  a  fresh  transverse 
section  at  both  ends,  hang  it  over  the  upper  N.P.  electrode,  N,  and  resting 
with  its  two  cut  ends  on  the  lower  electrode,  C,  thus  doubling  the  strength 
of  the  current  (iSg.  202). 

{d).  Bemove  the  plug  from  C  in  the  shunt  and  pass  the  whole  of  the 
demarcation  nerve-current  through  the  galvanometer,  noting  the  deflection. 

(e)  Instead  of  adjusting  the  nerve  as  in  (c),  it  may  be  so  placed  on  the 
ordinary  tube  N.P.  electrodes  that  the  cut  end  rests  on  one  electrode  and 
the  longitudinal  surface  on  the  other,  thus  leav- 
ing part  of  the  nerve  free.  Observe  the  deflection 
in  this  way. 

7.  Action  current  of  nerve.^(a)  Observe  the 
amount  of  deflection  as  in  6  (e).  Stimulate 
with  an  interrupted  current  the  free  end  of  the 
nerve.  The  spot  of  light  travels  towards  zero. 
This  was  formerly  called  the  "  negative  varia- 
tion" of  the  nerve-current. 

8.  Electromotive  phenomena  of  heart. — 
Arrange  the  apparatus  the  same  as  in  Lesson 
XLV.,  4  {a). — (a)  Make  a  Stannius  preparation 
of  the  heart,  using  only  the  first  ligature  (Lesson 
LV.,  1)  to  arrest  the  heart's  action.  Lead 
off  with  brush  N.P.  electrodes  from  base  and 
apex  of  the  quiescent  uninjured  heart ;  there  is 
no  deflection. 

(6)  Pinch  the  apex  so  as  to  injure  it,  it  becomes 
negative ;  a  difference  of  potential  is  at  once  set 
up,   and  the  spot  of  light  oscillates  with  each    Kg.  202.— Nerve  N.P.   eleo- 
beat  of  the  heart.  trades.    N,  Nerve ;  C,  Clay 

(c)  Excise  a  heart  so  as  to  get  a  spontaneously       o*  electrodes ;  Zn,  Zincs, 
beating  ventricle ;    lead  off  from  the  base  and 

apex  of   the  latter;  observe  the .  so-called    "negative  variation"   with 
each  contraction. 

{d)  See  also  Lesson  XL VII.,  7,  for  secondary  contrac- 
tion excited  by  the  beating  heart. 

9.  Capillary  electrometer  for  heart. — (a)  Lead  off  a 
muscle  to  the  two  binding  screws  of  a  capillary  electro- 
meter. The  fine  thread  of  mercury  must  be  observed 
with  a  microscope.     (Lesson  XL VI. ) 

By  means  of  the  capillary  electrometer  Waller  has 
shown  the  diphasic  variation  of  the  heart-current  in  man 
and  dog. 

10.  Brush  electrodes  of  Fleischl  (fig.  203)  consist 
of  glass  tubes  (4  cm.  x  5  mm.).  In  one  end  is  fitted 
a  perfectly  clean  camel-hair  pencil,  and  into  the  other 
dips  a  well-amalgamated  rod  of  zinc  with  a  binding  screw 
at  its  free  end.  Place  some  clay  in  the  lower  part  of  the 
tube,  and  then  fill  it  with  a  saturated  solution  of  ZnS04. 
No  metallic  instruments  to  be  used.  A  piece  of  india- 
rubber  tubing  fits  as  a  cap  over  the  upper  end  of  the  glass 
tube.  The  brushes  are  moistened  with  a  mixture  of  kaolin 
and  normal  saline. 

1 1.  D'Arsonval's  N.P.  electrodes  (fig.  204.)  consist  of  a  silver  wire  coated 
with  fused  silver  chloride.     The  threads  projecting  from  the  tapered  points 


Kg.  203.— Brush 
electrodes  of 
V.  Fleischl. 
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are  brought  into  contact  with  the  tissues.  They  should  be  kept  in  the 
dark.  The  wire  is  held  in  a  suitable  stand,  while  the  coated  part  is  placed 
in  a  tube  tapering  below  and  filled  with  normal  saline.  At  the  lower 
tapered  end  there  is  a  small  aperture  into  which  is  introduced  a  thick 
thread.  The  tube  is  closed  above  with  a,  cork,  0,  through  -vrhich  passes 
the  silver  electrode,  A. 


LESSON  XLVT. 


CAPILLABT    BLECTROMETBBr— MUSCLE    AND 
HEART  CTJBRENT— MEASUBEMEIfT  OP  E.M.P. 


1.  The  capillary  electrometer  is  an  electrical  manometer,  and 
indicates  electrical  pressure.  By  it  minute  differences  of  electri- 
cal potential  between  two  surfaces  can  readily  be  detected.  It 
may  be  used  to  demon- 
strate electrical  cur- 
rents, but  this  is  better 
done  with  a  galvano- 
meter. It  has  been 
specially  used  for  mea- 
suring the  electrical 
variations  of  the  heart, 
e.g.,  of  frog  or  man. 

There  are  several  forms 
of  the  instrument,  but  the 
original  form  of  Lippmanu 
consists  essentially  of  a 
piece  of  glass  tube,  with 
one  end  drawn  out  to  a  fine 
point  (internal  diameter 
20-30  11),  which  is  partly 
filled  with  clean  mercury 
and  brought  into  connection 
with  a  pressure  apparatus. 
The  capillary  end  of  this 
tube  is  arranged  to  dip  into 
a  tube  containing  10  p.c. 
H2SO4  and  mercury,  tito 
the  lower  end  of  this^itube 
is  fused  a  platinum  wire 
which  establishes  one  con- 
nection with  the  lower  Hg  column, 
with  the  capillary  tube. 


Fig.  205.— rrey's  capillary  electrometer. 
A  similar  platinum  connection  is  made 
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In  the  capillary  tube  of  the  electrometer  the  mercury  is  forced  along  by 
the  pressure  bottle,  P,  until  the  weight  of  the  column  of  Hg  is  balanced  by 
the  surface  tension,  which  is  inversely  proportional  to  the  diameter  of  the 
tube.  Anything  which  alters  the  surface  tension  will  cause  the  Hg  meniscus 
to  move. 

The  form  devised  by  M.  v.  Frey  (fig.  205)  can  be  fixed  on  the  stage  of  any 
microscope  provided  with  a  joint  in  the  stand,  so  that  the  tube  of  the  micro- 
scope is  horizontal  and  stage  vertical.  It  consists  of  a  vessel  holding  Hg 
and  dil.  H2SO4  serving  as  one  electrode,  a  support  for  the  capillary  tube, 
C,  the  second  electrode  and  a  pressure  bottle,  P,  for  regulating,  and  a 
manometer  for  measuring  the  Hg  pressure.  The  wires  from  the  two 
electrodes  pass  to  a  key,  K  {du  Bois-  Reymcnd's  Archiv.,  1887,  p.  204). 
The  mercury  meniscus  is  observed  with  a  low-power  microscope  provided 
with  an  eye-piece  having  a  micrometer  scale,  to  enable  one  to  note  the 
extent  of  movement  of  the  Hg  meniscus. 

A  convenient  form,  with  the  capillary  tube  horizontal,  is  made  under  the 
direction  of  Professor  Langendorff  by  Westien  of  Rostock.  It  is  small  and 
compact,  and  can  be  placed  horizontally  on  the  stage  of  any  microscope. 
Waller's  form  is  both  simple  and  practical. 

2.  Demarcation  current  of  muscle  with  electrometer. 

(a)  Connect  two  N.P.  electrodes  through  a  short-circuiting 
key  with  the  capillary  electrometer.  Prepare  a  sartorius  muscle, 
and  cut  off  its  ends  transversely — "  muscle  prism."  Lead  off  by 
placing  one  N.P.  electrode  on  an  artificial  transverse  section  . 
(injured),  and  the  other  on  the  equator  or  middle  of  the 
longitudinal  (uninjured)  surface.  i 

Look  through  the  microscope  and  bring  the  meniscus  of  the 
Hg  into  view,  and  note  its  position  on  the  micrometer  scale  in 
the  eye-piece  of  the  microscope.  Open  the  key,  and  observe  effect 
on  Hg.  The  meniscus  will  move  in  a  direction  indicating  a 
higher  potential  at  the  electrodes  ( -1- )  on  the  loUgitudinal 
surface  ("equator").  If  the  +  electrode  be  moved  towards  the  , 
transverse  section  the  excursion  of  the  Hg  will  be  diminished. 

(6)  If  a  sartorius  be  prepared  and  injured  as  little  as  possible, 
and  if  its  current  be  led  off  from  tendons  and  "  equator,"  only  a 
slight  movement  of  the  meniscus  will  be  obtained.  Injure  the 
muscle  near  the  tendon  with  a  hot  wire.  Immediately  a  strong 
"  demarcation  current "  or  "  current  of  injury "  is  set  up,  as 
shown  by  the  great  excursion  of  the  Hg  meniscus. 

3.  Electrical  variations  of  frog's  heart  {Capillary  electrometer). 
— Arrange  M.  v.  Frey's  or  other  capillary  electrometer  under  a 
low  power  of  the  microscope,  with  the  meniscus  of  the  mercury 
in  view,  and  capable  of  moving  freely.  Connect  a  pair  of 
D'Arsonval's  silver  electrodes  or  other  N.P.  electrodes  to  the 
short-circuiting  key. 
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Expose  the  heart  in  a  pithed  frog,  and  arrest  the  movements 
of  its  ventricle  by  a  Stannius  ligature  (Lesson  LVI.),  and  by 
means  of  moist  cotton  threads  projecting  from  the  electrodes 
bring  the  latter  into  contact  with  the  base  and  apex  of  the 
quiescent  ventricle.  Excite  a  contraction  by  touching  the 
ventricle  with  a  needle  (i)  near  base,  (2)  near  apex.  Open  the 
key  and  note  the  order  and  direction  of  the  rapid  oscillations  of 
the  Hg.  The  variations  in  the  excised  heart  can  be  studied  in 
a  similar  manner.  The  oscillations  can  be  photographed  on  a 
moving  sensitive  surface. 

4.  Measurement  of  E.M.P.  (potential)  of  Muscle  and  Nerve  (Gompen- 
eation  method  ofdu  Bois-Beymond). — The  principle  is  simple — viz.,  that  of 
a  balance-compensation  where  the  tissue-current  through  the  galvanometer 
is  balanced  by  a  fractional  part 
of  a  current  of  known  E.M.F. 
— e.g.,  Darnell's  battery — sent 
through  the  galvanometer  in 
the  reverse  direction. 

(a)  Arrange  a  metre  bridge 
with  one  gap  unbridged,  or  use 
a  monochord  or  rheochord. 
Place  a  commutator  with  X 
bars  in  C  circuit  with  a 
Darnell's  cell,  D,  and  arrange 
0  so  that  the  constant  current 
passes  in  the  wire  from  B 
to  A. 

(6)  Arrange  the  muscle  or 
nerve,  T,  on  N.P.  electrodes 
and  couple  them  up  with  the 
galvanometer.  (Keys  omitted 
in  diagram.) 

(c)  Push  the  slider  towards 
A  (few  cm.),  and  get  smallest 
deflection     of     galvanometer. 


lie.  zo6.— Scheme  tor  meamiTement  of  E.M.F. 
of  M  or  N  (T). 


Push  it  more  towards  A  until  the  spot  of  light  from  galvanometer  stands 
at  zero. 

With  the  enormous  external  resistance  in  the  tissue,  T,  the  difference  of 
potential  between  A  and  B  is  practically  that  of  a  Daniell  cell.  The  fall  of 
potential  from  A  to  B  is  uniform,  so  that  the  E.M.F.  between  A  and  s  is 

As 

-r^.  E,  where  E  is  E.M.F.  of  a  Daniell  (  =  i'i  volts).    It  will  be  found  that 

AB 

a  lies  very  close  to  A.     The  short  portion  of  the  wire  A  s  compared  with 

the  total  length  of  the  wire  (1000  mm.)  gives  the  E.M.F.  of  the  tissue  in 

terms  of  a  Daniell : — 

1000   :  As  :  :  I"I  volts  :  x  =  volts  of  tissue. 
N  is  usually  about  '03  volt. 

Or,  instead  of  a  single  wire,  use  a  low,  r  (representing  As),  and  a 
high  resistance,  R,  rheostat  (representing  S6).  The  wires  from  the  battery 
go  to  the  outer  binding  screw  on  each  rheostat,  the  two  inner  screws  of 
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r  and  R  are  connected  by  a  wire.  The  tissue  is  arranged  as  before  in 
circuit  with  G.  The  tissue  current  is  led  into  the  outer  T)inding  screw  Of 
r,  and  the  return  wire  to  G  is  connected  to  the  wire  connecting  r  and  R. 
The  potential  difference  (P.D.)  is  practically  the  difference  between  the 

terminals  of  r  and  R,     The  P.D.  of  a  muscle  is  P.D.  =  „  ^  p.     Suppose 


>  +  R' 
the  balance  to  be  obtained  with  250  and  7250  ohms,  then 
=  -033  Daniell  (WoLUr). 


250 


250  +  7250 


LESSON   XLVII. 


GALVANI'S  EXPERIMENTS  —  SECONDARY  CON- 
TRACTION AND  TETANUS  — PARADOXICAL 
CONTRACTION— KUHNE'S   EXPERIMENTS. 


1.  Galvani's  experiments  (1791-94). 

(a)  Destroy  the  brain  of  a  frog,  divide  the  spine  in  the  mid 
dorsal  region,  cut  away  the  upper  part  of  the  body,  and  remove, 
the  viscera.  Remove  the  skin  from  the  hind  parts,  divide  the 
iliac  bones  and  urostyle,  avoid  injuring 
the  nerves,  which  remain  as  the  only 
connecting  link  with  the  legs.  Push 
an  S-shaped  copper  hook  through  the 
lower  end  of  the  spinal  column  (fig. 
207). 

(6)  Suspend  the  preparation  on  an 
iron  tripod.  Tilt  the  tripod  so  that 
the  point  of  contact,  being  made  clean 
by  means  of  a  file,  comes  in  contact 
with  one  of  the  legs  of  the  tripod; 
vigorous  contractions  occur  whenever 
the  frog's  legs  touch  the  tripod. 

(c)  Experiment  with  metals  (1794).— 
With  the. frog  hanging  perpendicularly 
without  touching  the  tripod,  make  a 
U-shaped  piece  of  wire  composed  of  a  copper  and  zinc  wire 
soldered  together.  Touch  the  nerves  above  with  the  copper  (or 
zinc)  end,  and  the  muscles  below  with  the  zinc  (or  copper),  when 


Fig.  =07.— Galvani's  experi- 
ment vith  metals. 
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contraction  occurs  at  make  or  break,  or  both — i.e.,  make  or 
break  currents. 

Galvani  supposed  that  the  electricity  in  this  case  was  pro- 
duced in  and  by  the  animal  tissues.  Volta  pointed  out  that 
when  two  dissimilar  metals  are  brought  into  contact  electrical 
currents  are  produced.  In  this  experiment  the  chief  source  of 
the  electrical  energy  is  due  to  the  contact  of  the  two  dissimilar' 
metals  with  the  saline  fluids  of  the  living  tissues. 

2.  Galvani's  experiment  of  contraction  without  metals. 

(a)  Make  a  fresh,  vigorous  N.M.  preparation,  leaving  the  leg 
attached  to  the  femur  and  the  sciatic  nerve  as  long  as  possible. 
Hold  the  femur  in  one  hand,  lift  the  nerve  on  a  glass  rod 
moistened  with  normal  sElline,  and  allow  it  to  fall  upon  the 
gastrocnemius,  when  the  muscle  will  contract,  or  lay  the  muscle 
on  a  glass  plate  (fig.  208).  Contraction  occurs  because  the  nerve 
is  suddenly  stimulated,  owing  to  the  surface  of  the  muscle 
having  different  potentials. 


Fig.  208.— Galvani's  estperiment  without  metals. 

(b)  Or  remove  the  skin  from  the  hind  legs  of  a  frog,  and 
dissect  out  the  sciatic  nerve  in  its  whole  extent.  Divide  it  at 
its  upper  end.  If  the  nerve  be  lifted  on  a  glass  rod  and  allowed 
to  fall  longitudinally  on  the  triceps  muscle  there  is  no  con- 
traction (fig.  208). 

[See  "Lectures  on  Animal  Electricity,"  by  A.  D.  Waller,  1897.  A, 
Volta,  Briefe  uber  thieriache  MeJctricUat.  Oswald's  Glassiher,  No.  124. 
Leipzig,  1900.    Translation  and  reproduction  of  Volta's  letters  to  Galvani.] 

3.  Demarcation  mascle-cnrrent  to  stimulate  nerve. 

(a)  Make  a  cut  across  the  triceps  and  arrange  the  nerve  so 
that  its  cut  end  rests  on  the  transverse  section  of  the  muscle 
and  its  longitudinal  surface  on  the  longitudinal  surface  of  the 
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rig.  ^°9.— Pads  of  moist  blotting-paper,  i,  2,3,  4. 
-*j  N.M.  preparation ;  Mj  Muscle.  {Schenck^ 
after  du  Bois-Beymond.) 


muscle.      As   soon   as    this   interval  is  bridged  over,  the  leg 
muscles  contract. 

There  is  a  large  difference  in  potential  between  the  trans- 
versely-cut muscle  and  its  longitudinal  surface — there  is  a 
"  muscle-current "  in  the  muscle  from  the  artificial  transverse 

section  to  the  longitudinal 
surface,  so  when  the  nerve 
bridges  over  these  surfaces, 
there  is  an  external  deriva- 
tion-current passing  in  the 
nerve,  whereby  the  latter 
is  stimulated.  Thus  the 
"physiological  rheoscope" 
is  used  to  show  the  pre- 
sence of  electrical  currents 
in  muscle  under  certain 
conditions. 

(6)  Arrange  on  a  glass  slide  folds  of  blotting-paper,  as  in  fig.  209,  laying 
over  I  and  3  a  nerve  of  a  N.  M.  preparation.  Every  time  the  gap  between 
2  and  3  is  bridged  by  placing  on  it  and  again  lifting  4,  the  muscle 
contracts. 

4.  Secondary  contraction  or  twitch.    Secondary  tetanus. 

(a)  Arrange  cofl  for  single  M  and  B  shocks.  Make  two 
N.M.  preparations. 

(6)  Place  the  left  sciatic  nerve,  A,  over  the  right  gastro- 
cnemius or  thigh  muscles,  B,  and 
the  right  sciatic  nerve  over  the 
electrodes,  E  (fig.  210). 

(c)  Stimulate  the  nerve  of  B  with 
single  induction  shocks — ^the  muscles 
of  both  B  and  A  contract.  The  con- 
traction in  A  is  called  a  secondary 
contraction.  A  is  the  rheoscopic 
limb,  as  by  its  contraction  it  shows 
the  existence  of  an  electrical  current 
in  B.  When  B  contracts,  there  is 
a  sudden  diminution  of  its  muscle- 
current,  which  circulates  in  the  nerve 
of  A.  This  sudden  diminution — 
negative  variation — is  tantamount  to 
a  stimulus,  and  so  the  nerve  of  A  is 
stimulated. 

(d)  Stimulate  the  nerve  of  B  with  repeated  shocks.      B  is 


Kg.  210.— Secondary  contraction. 
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tetanised,  and  so  is  A  simultaneously.  This  is  secondary 
tetanus.  The  nerve  of  A  is  stimulated  by  the  sudden  series  of 
negative  variations  of  the  muscle-current  during  the  contraction 
of  B.  This  shows  that  the  electrical  change  during  tetanus  is 
discontinuous  and  not  continuous  like  the  change  in  form  of  the 
muscle,  and  with  50  shocks  per  second  each  electrical  change 
must  reach  its  maximum  and  subside  in  y-J^". 

(e)  Test  for  current  escape  by  ligaturing  the  nerve  of  A  near 
the  muscle,  stimulate  the  nerve  of  B ;  there  is  no  contraction  of 
A  although  B  contracts,  showing  that  the  result  in  (c)  and  {d)  is 
a  true  secondary  contraction  due  to  excitation  of  the  nerve  of  A 
by  a  negative  variation  of  the  current  of  muscle  of  B.  If  on 
tetanising  B  nerve,  after  ligature  of  A  nerve  A  contracts,  there 
has  been  an  escape  of  current. 

(/)  Prepare  another  limb  and  adjust  it  in  place  of  A,  ligature  the  nerve 
of  B.  On  stimulating  the  nerve  of  B,  no  oontraotion  takes  place  either  in 
AorB. 

5.  Secondary  contraction  from  nerve. 

(a)  Place  a  N.M.  preparation  on  a  glass  slide  B.  Dissect 
the  sciatic  nerve  of  the  opposite  side,  A.  Lay  i  cm.  of  the 
isolated  nerve,  A,  on  a  similar  length  of  the  nerve  of  B 
(fig.  211). 


Fig.  211.— Scheme  of  secondary 
contraction. 


Fig.  212.— Scheme  of  paradoxical 
contraction. 


(6)  Stimulate  A  with  {a)  a  single  induction  shock — B  con- 
tracts ;  (b)  an  interrupted  current — B  is  tetanised. 

(c)  Ligature  A  and  stimulate  again.  B  does  not  contract. 
Therefore  contraction  was  not  due  to  escape  of  the  stimulating 
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current.  The  "  secondary  contractions  "  in  B  are  due  to  sudden 
variations  of  the  electro-motivity  produced  in  A  when  it  is 
stimulated. 

6.  Paradoxical  contraction. 

(a)  Use  repeated  induction  shocks  or  a  constant  current. 

(6)  Expose  the  sciatic  nerve  down  to  the  knee  (fig.  zi2,  S). 
Trace  its  two  branches.  Divide  the  outer  or  peroneal  branch, 
and  stimulate  its  central  end,  P,  by  a  faradic  current.  A  certain 
strength  of  current  will  be  found  whereby  the  muscles  supplied 
by  the  other  division  of  the  nerve  are  thrown  into  tetanus,  T. 
The  tibial  nerve  to  the  gastrocnemius  is  stimulated  by  escape  or 
spread  of  "  electrotonic  "  currents  from  the  excited  nerve. 

(c)  Instead  of  induction  shocks,  use  a  shock  from  a  Daniell's 
cell.     There  is  a  paradoxical  twitch. 

No  paradoxical  response  is  produced  by  stimuli  other  than 
electrical — e.g.,  section,  or  salt.  It  occurs  after  the  peroneal 
nerve  is  ligatured  on  the  central  side  of  the  seat  of  stimulation. 

7.  Frog's  heart-current  (Secondary  contraction  from  heart). 

■•^  (a)  Injured  heart. — A  quiescent  uninjured  heart  gives  no 
current,  but  an  active  heart  does,  and  so  does  an  injured  one. 
The  action-current  of  an  injured  heart  is  easily  shown  when  a 
nerve  of  a  nerve-muscle  preparation  is  placed  on  a  rabbit's 
heart  beating  inside  the  thorax.  In  the  frog  it  requires  some 
care  to  show  this.  It  is  easy,  however,  to  obtain  a  secondary 
contraction  from  a  beating  injured  frog's  heart. 

Prepare  a  N.M.  preparation  or  rheoscopio  limb.  Excise  the 
heart  of  a  pithed  frog,  and  place  it  on  a  dry  glass  plate,  removing 
surplus  blood.  Cut  off  the  heart  apex,  and  on  the  cut  surface 
of  the  ventricle  place  transverse  section  of  the  nerve,  letting 
a  part  of  its  longitudinal  surface  rest  on  the  uninjured  ventricle. 
With  each  heart-beat  there  is  a  twitch  of  the  rheoscopio  limb. 

(6)  Action-current  of  uninjured  frog's  heart. — On  placing  the 
nerve  of  a  N.M.  preparation  along  the  exposed  frog's  heart  from 
apex  to  base,  one  sometimes  gets  a  muscular  response  to  each 
beat  of  the  heart,  but  the  experiment  does  not  always  succeed. 
It  is  easier  to  do  it  on  a  Stanniused  heart ;  with  each  contraction 
of  the  heart  excited  artificially,  there  is  a  secondary  contraction, 
due  to  the  nerve  being  stimulated  by  the  electrical  current 
which  accompanies  each  beat  of  the  heart  (Lesson  LV.,  1). 

8.  Kuhne's  nerve-current  experiment  {Contraction  imthout  metals). 

(a)  Fix  a  glass  plate  to  an  earthenware  bowl  (fig.  213). 

(&)  Make  two  rolls  of  kaolin  (moistened  with  normal  saline),  about  i  cm. 
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in  diameter  and  6  cm.  in  length  (P,  P'),  bend  tliem  at  a  right  angle,  and 
hang  them  over  the  glass  plate  about  6  mm.  apart. 

(c)  Place  the  muscle  of  a  N.M.  preparation  on  the  glass  plate,  and 
the  nerve,  N,  over  the  rolls  of  china  clay. 

{d)  Fill  a  glass  vessel,  C,  with  normal  saline,  and  allow  the  two  free  ends 
of  the  clay  to  dip  into  it.  With  each  dip  the  muscle  contracts.  In  this 
case  the  nerve  is  stimulated  by  the  completion  of  the  circuit  of  its  own 
demarcation-current,  and  this  in  turn  indirectly  stimulates  the  muscle. 

9.  TCiitina'g  muscle-press — Secondary  contraction  &om  muscle  to 
muscle. — Prepare  two  sartorius  muscles.  Place  the  end  of  one  muscle  over 
one  end  of  the  other,  both  muscles  being  in  line  with  each  other,  and  the 
overlapping  portion  so  arranged  that  they  can  be  pressed  together  by 
means  of  the  small  screw-press  of  Kiihne. 

On  stimulating — by  electrical,  chemical,  -or  -other  stimuli — the  free  end 
of  either  muscle,  so  as  to  cause  that  muscle  to  contract,  the  second  muscle 
also  contracts.  The  negative  variation  of  the  muscle-current  stimulates 
the  second  muscle.  This  result  does  not  take  place  if  a  thin  layer  of  tin- 
foil be  placed  between  the  two  muscles. 


Fig.  213.— Kiibne's  experiment  on  nerve  current.    B,  Bowl ;  G,  Glass  plate ; 
K,  Nerve  on  F,  Ff,  Fads  of  clay ;  C,  Capsule. 

10.  Biedermann's  modiflcatiou  of  secondary  miiscular  contraction. — 
If  a  frog  be  denuded  of  its  skin  and  left  exposed  to  the  air  for  24  hours^ 
the  time  varying  with  the  temperature,  amount  of  moisture  in  the  air,  &c. 
— on  causing  one  muscle  to  contract,  other  muscles  contract  secondarily. 
On  placing  the  two  sartorius  muscles  in  direct  contact  with  "each  other, 
when  one  muscle  is  made  to  contract  the  other  does  so  secondarily  without 
the  use  of  a  muscle-press. 

1 1.  Hering's  experiment  on  secondary  contraction. — In  a  pithed  frog 
expose  on  both  sides  by  removing  the  urostyle  the  nerve-trunks  forming 
the  sciatic  nerve.  Divide  them  with  scissors  about  the  level  of  the  middle 
of  the  urostyle.  Push  a  pair  of  wire  electrodes  down  the  spinal  canal  to 
come  into  contact  with  the  lower  motor  nerve  roots.  On  weak  tetanisation 
of  the  motor  nerve  roots  either  in  this  way,  or  by  their  direct  exposure 
above  the  point  of  section,  the  limbs  are  tetanised.  This  is  due  to  the 
contraction  of  muscles — coccygeal — which  are  supplied  with  nerves  arising 
above  the  point  of  division.  These  contracting  muscles  excite  the  ends  of 
the  sciatic  nerves  beyond  the  point  of  division.  . 
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12.  Secondary  excitation  &oia  nerve  to  nerve  (Jlering). — (a)  In  a 
pithed,  "cooled"  frog  expose  the  whole  length  of  the  sciatic  nerve  from 
hip  to  knee.     Ligature  it  at  the  knee  and  divide  it  behind  the  ligature. 

(6)  Tetanise  feebly  the  nerve  near  its  distant  cut  end,  and  find  a  current 
which  brings  about  contraction  of  the  muscle  of  the  thigh.  Stimulate  the 
nerve  nearer  the  spinal  cord.  These  contractions  do  not  increase ;  they 
decrease,  and  disappear.  Hence,  they  were  not  due  to  escape  of  current, 
and  equally  so  the  result  is  not  a  "paradoxical  contraction."  It  would, 
therefore,  seem  to  be  due  to  excitation  of  the  centrifugal  nerve  fibres  to  the 
thigh  muscles  by  action-currents  set  up  in  neighbouring  fibres. 
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LAW   OP  CONTRACTION— POLAR   STIMULATION 
OP   MUSCLE. 

The  result  of  stimulation  of  a  motor  nerve  by  a  constant  current 
depends  not  only  on  the  excitability  of  the  nerve,  but  also  on 
the  intensity  and  direction  of  the  stimulating  current.  The 
intensity  may  be  weak,  medium,  or  strong,  and  the  current  in 
the  nerve  may  pass  in  the  intrapolar  region  towards  the  muscle 
(descending),  or  away  from  it  (ascending).  The  result  is  the 
so-called  Pfliiger's  Law  of  Contraction,  ■which,  however,  is  only 
a  statement  of  facts. 

In  carrying  out  the  experiment,  begin  with  current  ascending 
— i.e.,  with  anode  next  the  muscle.  We  may  test  the  effect  of 
M  and  B  for  currents  of  medium  and  strong  intensity — all 
for  ascending  currents,  and  then  do  the  same  for  descending 
currents. 

1.  Pfliiger's  law  of  contraction — Polar  stimulation  of  nerve. — 
Several  Daniell  cells,  commutator  with  cross-bars,  du  Bois 
and  Hg-key,  rheochord,  N.P.  electrodes,  moist  chamber,  wires, 
recording  apparatus. 

(a)  Arrange  the  apparatus  (fig.  214).  Connect  two  cells  to  a 
Pohl's  commutator  loith  cross-bars,  with  Hg-key,  K,  in  the 
circuit :  connect  the  commutator  with  the  rheochord,  E  —  a 
metre  rheochord  will  do — and  the  latter  with  N.P.  electrodes, 
introducing  a  short-circuiting  key.  Fix  to  a  recording  lever  an 
N.M.  preparation — with  along  nerve — in  the  moist  chamber,  and 
lay  the  nerve  over  the  N.P.  electrodes. 
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(b)  Begin  with  all  the  rheoohord  plugs  in  position,  and  the 
slider  hard  up  to  the  brass  blocks.  Place  the  commutator  to 
give  an  ascending  current,  make  and  break  the  current — gradually 
adjusting  the  slider — until  a  contraction  occurs  at  make  and 
none  at  break.  Reverse  the  commutator  to  get  a  descending 
current,  make  and  break,  observing  again  a  contraction  at  make 
and  none  at  break.  This  represents  the  effect  of  a  weak  current. 
Sometimes  the  current  so  obtained  is  not  weak  enough.  A 
simple  rheochord  should  then  be  used. 

(c)  Pull  the  slider  farther  away  and  remove  one  or  more  plugs 
until  contraction  is  obtained  at  make  and  break,  both  with  an 
ascending  and  descending  current — the  effect  of  a  medium 
current. 


Fig.  214.— Scheme  for  Piuger's  law.    E.,  Kheochord  ;  B,  Battery ;    C,  Commutator ; 
K,  Mercury  key;  K',  du  Bois  key ;  E.N.P.,  iUectrodes ;  N,  Nerres. 

{d)  Use  six  small  Grove's  cells,  take  out  all  the  rheochord 
plugs..  With  an  ascending  current  contraction  occurs  at  break 
only ;  with  a  descending  current  at  make  only  =  effect  of  a 
strong  current.     Tabulate  the  results. 

Fresh  strong  frogs  are  necessary,  and  several  preparations  may  be 
required  to  work  out  all  the  details.  Instead  of  reversing  the  commutator 
after  testing  the  effect  of  an  alteration  of  the  direction  of  the  current,  use 
one  preparation  to  test  at  intervals  the  efifect  of  weak,  medium,  and  strong 
currents  when  the  current  is  ascending,  and  a  second  preparation  to  test 
the  results  with  currents  of  varying  intensity  when  the  current  is  descending. 
Results — R  =  rest ;  C  =  contraction : — 


Strength  of  current. 

Ascending. 

Descending. 

On  tiaking. 

On  Breaking. 

On  Making. 

On  Breaking. 

Weak,    . 
Medium, 
Strong,  . 

C 
C 
R 

R 
C 
C 

C 
C 
C 

R 
C 
R 
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Note  that  contraction  is  readily  obtained  at  M  of  a  weak 
ascending  current,  but  not  with  a  strong  one.  This  must  be 
accounted  for.  Granting  that  the  make  contraction  is  kathodic 
and  the  break  anodic,  there  must  be  some  important  changes 
taking  place  at  the  poles  to  account  for  the  result. 

That  the  passage  of  a  constant  current  along  a  nerve  affects 
its  excitability  and  conductivity — sets  up  electrotonus — is  dealt 
with  in  Lesson  XLIX. 

That  changes  occur  at  the  poles  is  readily  shown  thus  : — 
Arfange  the  experiment  as  for  Pfliiger's  law,  but  set  up  a  coil 
with  metal  electrodes  for  single,  not  maximal,  induction  shocks. 


Fig.  215— Hering's  double  myograph,  made  by  Bothe  of  Leipzig. 


and  place  the  electrodes  on  the  nerve  between  the  N.P.  electrodes 
and  the  muscle  (Lesson  XLIX.).     Make  the  constant  current  in 
the  nerve  (i.e.,  what  is  now  the  polarising  current)  descending —  ' 
i.e.,   kathode  next  the   muscle.     Kecord  a  -break  twitch  on  a 
stationary  drum — (i)  with  no  constant  current  passing,  (2)  during  . 
passage,  (3)  after  passage  of  a  current.     The  second  twitch  will ' 


XLVIII.]  LAW  OF  CONTRACTION.  331 

be  the  highest — i.e.,  the  excitability  of  the  nerve  is  increased  in 
the  region  of  the  kathode.  Change  commutator,  so  that  the  anode 
is  next  the  muscle,  and  do  as  above.  Stimulation  of  the  anodal 
region  gives  a  diminished  or  no  response,  therefore  the  +  has 
lowered  the  excitability  in  the  region  of  its  influence. 

2.  Or  arrange  the  experiment,  using  fig.  215  to  make  the 
results  visible.  This  apparatus  is  excellent  for  demonstration 
purposes. 

Polar  stimnlation  of  skeletal  muscle  (Stimulation  by  constant 
current). — We  have  already  seen  (Lesson  XXXI.)  that  a  con- 
stant current  may  cause  contraction  at  M  or  B,  or  both,  but 
apparently  no  effect,  as  a  rule,  during  its  passage.  The  effects 
produced  at  M  and  B  differ  not  only  in  extent,  but  the  contrac- 
tions start  from  different  poles.  At  M  of  current  the  contraction 
starts  from  the  kathode — i.e.,  M.  contr.  is  kathodic — while  at  B  it 
starts  from  the  anode — i.e.,  B.  contr.  is  anodic.  The  contraction 
passes  over  the  muscle  from  the  point  stimulated. 


Fig.  216. — Apparatus  foi'  polar  Btimulation  of  sartorius,  fixed  lightly  near  one  end  with  a 
cork  clamp.  L,  Lever ;  A  and  £,  Thread  electrodes  from  commutator,  C,  with  cross 
bars. 

Constant  current. — In  muscle  and  nerve  stimulation  occurs  only 
at  the  kathode  when  the  current  is  made  {closed),  and  at  the  anode 
when  it  is  broken  (opened) — (von  Bezold,  1861.)  This  is  most 
readily  seen  in  fatigued  muscles. 

Instead  of  B  and  +  we  may  speak  of  the  points  at  which  a 
current  enters  or  leaves  a  muscle  or  nerve.  It  is  better  to  regard 
the  current  in  the  latter  way,  because  the  entrance  and  exit  then 
correspond  to  the  true  physiological  anode  and  kathode  (p.  333). 
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3.  Fix  a  ourarised  sartorius  as  in  fig.  216  (Lesson  XXI.,  6).  Arrange 
the  threads  of  N.P.  electrodes  at  A  and  B  and  connected  with  a  commutator, 
C,  with  cross-bars,  coupled  up  with  a  key  and  a.  constant  current  which 
gives  response  of  muscle  at  M  and  B  in  either  direction,  a  signal  to  indicate 
the  moment  of  stimulation  being  in  the  circuit.  Becord  contraction, 
moment  of  stimulation,  and  time-curve.  A  contraction  starting  at  A  will 
take  longer  to  traverse  the  muscle  than  one  starting  at  B.  The  effects  are 
best  obtained  in  a  fatigued  muscle.  Arrange  the  commutator  so  that  the 
current  enters  at  B — B,  anodic— and  take  two  contractions,  M  and  B. 
Reverse  commutator,  current  will  enter  at  A — A  is  anodic.  Take  two 
tracings,  one  at  M  and  the  other  at  B.  Four  curves  are  thus  obtained. 
Measure  L.P.  and  note  differences. 

The  L.P.  obtained  at  M  with  B  anodic  (ascending)  and  at  B  with  A 
anodic  (descending)  are  practically  equal,  but  longer  than  those  at  B  with 
B  anodic  (descending)  and  at  M  with  A  anodic  (ascending).  The  latter  two 
curves  are  also  nearly  equal.  Hence  contraction  at  make  with  an  ascend- 
ing current  from  A,  and  at  B  with  a  descending  current — i.e.,  in  both  cases 
from  the  kathode.     The  reverse  is  the  case  with  the  anodes. 

4.  Engelmann's  erperiinent. — {a)  Suspend  vertically  a  curariaed  sar- 
torius of  a  frog,  and  pass  a  constant  current  transversely  across  its  pelvic 
end  through  its  upper  extremity  by  N.P.  electrodes.  On  making  the 
current,  the  free  end  of  the  muscle  moves  towards  the  side  of  the  kathode, 
because  contraction  occurs  at  the  kathode  on  making.  At  break  it  inclines 
to  the  anode. 

(6)  Slit  up  the  lower  half  of  the  muscle  longitudinally,  so  that  it  looks 
like  a  pair  of  trousers,  and  keep  the  two  legs,  as  it  were,  asunder  by  an 
insulating  medium.  Lay  it  on  a  glass  plate,  and  apply  a  N.P.  electrode  to 
each  leg.  Make  and  break  a  galvanic  current.  At  make,  the  kathodic 
half  alone  contracts ;  at  break,  the  anodic  half. 

Cool  a  ourarised  sartorius  (6  hours)  to  diminish  its  conductivity,  or  place 
the  muscle  on  paraffined  paper  resting  on  ice,  and  lay  it  on  N.  P.  electrodes, 
and  mark  it  transversely  with  fine  black  lines  by  means  of  a  hair  dipped  in 
Indian  ink.  Pass  a,  constant  current  through  the  muscle ;  it  shows  sus- 
tained, prolonged  contraction  around  kathode  at  M.  At  break  there  may 
be  contracture  limited  to  area  of  anode  {Biedermann).  Is  there  also 
inhibition  in  the  non-contracted  part  ? 

5.  Another  method. -^ Dissect  out  the  sartorius  of  a  curariaed  frog,  but 
remove  it  with  its  bony  attachments  ;  clamp  it  at  its  centre,  and  arrange 
it  either  vertically,  attaching  its  ends  to  two  recording  levers  placed  one 
above  it  and  the  other  below  it,  or  fix  it  on  a  double  orank-myograph. 
Pass  thin  wires  from  the  battery  through  the  two  ends  of  the  muscle  ;  on 
making  the  current  the  lever  attached  to  the  kathode  rises  before  the 
other — i.e.,  where  tlie  current  leaves  the  muscle.  On  breaking  the  current 
the  anodic  lever  rises  first,  showing  that  the  anodic  half  contracts  before 
the  kathodic  half. 

6.  Or  arrange  the  experiment  as  shown  in  fig.  217  by  Sutherford^s 
method.  This  figure  and  the  following  one  are  reproduced  from  drawings 
given  to  the  author  by  the  late  Professor  Rutherford.  The  method  em- 
bodies that  shown  before  the  Physiological  Society  several  years  ago.  A 
ourarised  sartorius  is  clamped  in  the  middle,  and  its  ends  attached  by 
Kronecker's  forceps  to  levers  to  record  on  a  drum. 

The  results  obtained  are  shown  in  fig.  218. 
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7.  J.  S.  New's  apparatus. — "  This  consists  of  a,  small  cork  pulley  on  a 
spindle  over  which  the  muscle  atrip  (curarised)  is  pinned  down  to  the  cork 
supports  on  either  side.  The  cork  support  is  grooved  to  receive  the  pulley 
and  spindle,  so  that  the  upper  surfaces  of  the  cork  support  are  tangential 
to  the  surface  of  the  pmley.  The  spindle  is  itself  supported  by  two 
celluloid  plates  attached  to  opposite  sides  of  the  cork  support.  A  light 
lever  or  mirror  is  used  on  the  spindle  to  render  the  movements  more 
evident.  The  muscle  is  stimulated  by  the  pin  electrodes  which  are  used  to 
hold  it ;  a  Pohl's  reverser  and  Daniell  cell  with  key  complete  the  circuit " 
{Joum.  of  Phys.,  xxiv.,  1899). 

POLAR  STIMULATION  or 

Curarised  Sartorius 

^..^^....^  Close  open 

Galvanic  r^?t^  l\ 

Stimulation-^    ■       ^  ^"^ 

OF  Muscle. 
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Fig.  217.— Arrangement   for   polar  or  Fig.  218.— Uesults  obtained 
galvanic    stimulation    of     muscle  (Bvtherford). 

(RutherfordX    C,  Clamp ;   A  and  B, 
Levers ;  K,  Eronecker's  forceps. 

8.  Physiologioal  anode  and  kathode. — It  is  important  to  notice  the 
diflference  between  the  physiological  anode  and  kathode  as  distinguished 
from  the  point  at  which  the  electrodes  are  applied — i.e.,  the  points  where 
the  current  enters  or  leaves  a  tissue.  In  nerve  and  muscle  with  straight 
parallel  fibres  the  physical  and  physiological  +  and  -  coincide,  but  it  is 
not  so  with  tissues  whose  fibres  are  irregularly  disposed. 

Remove  the  rectus  abdominis  of  a  frog ;  lay  it  on  a  glass  plate,  and 
observe  the  transverse  tendinous  intersections  across  the  muscle.  Connect 
the  ends  of  the  muscle  with  N.P.  electrodes  through  a  key  to  a  cell.  M, 
the  current  =  contraction  on  the  kathodal  side  of  each  muscle  near  the 
tendon.     At  B  the  thickening  is  at  the  anode.    Use  a  hand  lens. 
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Monopolar  method. — The  stimulating  effect  of  a  galvanic 
current  depends  on  its  density,  so  that  if  a  large  indifferent 
electrode  and  a  small-pointed  N.P.  electrode  are  used  the 
current  will  be  diffused  at  the  first  point  and  more  concentrated 
at  the  latter,  so  that  the  "threshold"  of  stimulation  will  be 
reached  first  at  the  small  electrode.  The  large  "indifferent" 
electrode  may  be  placed  in  any  part  of  the  body.  Use  a  large 
metallic  electrode  covered  with  cotton,  cloth  or  chamois  leather 
dipped  in  normal  saline. 

9.  Cardlao  muscle  (monopolar  method).— (a)  Expose  the  heart  of  a 
frog,  arrest  its  ventricle  in  diastole  by  crushing  it  transversely  by  Bern- 
stein's method  (Lesson  LIII.,  8).  The  V.  is  filled  with  blood,  but  does 
not  beat  rhythmically,  although  it  responds  to  stimulation.  Apply  one 
broad  electrode  of  the  current  battery  to  an  indifferent  part  of  the  body — 
e.g.,  thigh — and  apply  the  other  fine  pencil  electrode — a  very  fine  wire,  or 
better  still  a  fine  brush  electrode — practically  a  unipolar,  or  rather  mono- 
polar punctiform  method  of  stimulation — to  the  ventricle.  On  stimulating, 
at  make,  the  contraction  occurs  only  when  contact  is  made  with  heart  by 
the  kathode,  never  when  it  is  made  by  anode. 


Fig.  219.— Arrangement  for  showing  polarisation  of  electrodes. 

(6)  Place  the  "indifferent"  electrode  over  the  liver  or  livers,  and  the 
pointed  N.P.  one  on  a  Stanniused  heart.  Connect  these  through  a  commu- 
tator with  cross-bars  to  a  rheocord,  and  the  latter  through  a  M  and  B  key 
to  a  celL  Arrange  the  commutator  to  make  the  heart  electrode  -I- ,  M  and  B 
current ;  contraction  takes  place  at  B  only,  if  it  occurs  at  all.  Reverse 
commutator  and  make  the  heart  electrode  - ,  M  and  B  current ;  contraction 
takes  place  at  M  only. 

1 0.  Polar  stimulation  of  nerve. — A  simple  method  is  that  of  Jolyet  and 
Sigalas.  Prepare  a  frog  after  the  method  of  Marianini— i.e.,  divide  the 
spinal  column  cord  and  trunk  transversely  just  above  the  lumbar  plexus, 
remove  viscera,  and  sever  vertically  the  tissue  that  unites  the  two  legs, 
leaving  the  nerves  in  connection  with  the  vertebral  column.  Place  a 
platiniun  electrode  from  a  constant  current  under  the  nerves  of  the  sciatic 
plexus  on  each  side.  Introduce  a  rheostat  and  a  commutator.  It  will  be 
found  that  contraction  on  closing  occurs  only  at  the  negative  pole,  and  at 
break  at  the  positive  pole. 


XLIX.]  ELECTROTONUS.  335 

11.  Polar  stimulation  of  sartorius. — Dip  the  lower  end  of  an  excised 
sartorius  in  distilled  water  for  a  few  minutes.  The  part  immersed  becomes 
shorter  and  thicker.  Dry  the  muscle  and  lay  it  on  a  glass  plate,  and  apply 
N.  P.  electrodes  to  either  end — living  and  dead.  On  passing  a  constant 
current  through  the  muscle  when  the  dead  end  is  the  kathode  one  obtains 
a  make  but  no  break  contraction.  The  reverse  occurs  when  the  part  in 
water  rigor  is  the  anode  (Hermann). 

12.  Polarisation  of  electrodes  (Lesson  XXVII.). — (o)  A  more  elegant 
method  is  to  connect  a  battery  and  commutator  with  a  N.  M.  preparation, 
as  in  fig.  219.  Pass  the  current  through  the  nerve  for  2  or  3  minutes— 
i.e.,  with  bridge  of  C  as  in  fig.  219.  Turn  bridge  to  dip  into  5  and  6  = 
contraction.  On  again  raising  it,  the  same  result,  which  can  be  repeated 
many  times. 


LESSON   XLIX. 


ELECTROTONUS— ELECTROTONIC    VARIATION 
OF  EXCITABILITY. 

Electrotonns. — When  a  nerve  is  traversed  by  a  constant 
current,  its  so-called  "vital"  properties  are  altered — i.e.,  its 
excitability,  condnctivity,  and  electro -motivity.  The  region 
affected  by  the  positive  pole  is  said  to  be  in  the  anelectro- 
tonic,  and  that  by  the  negative  in  the  kathelectrotonic  con- 
dition.    Therefore  we  have  to  study  the — 

I.  Electrotonic  alteration  of  excUahility  and  conductimty. 
II.  Electrotonic  alteration  of  electro-motivity. 

1.  Electrotonic  variation  of  excitability. 

A.  (a)  Connect  two  Daniell  or  Leclanch6  cells  to  a  Pohl's 
commutator  mth  cross-bars,  introducing  a  du  Bois  key  to  short- 


Fig.  220. — Scheme  of  electrotonic  Tariation  of  excitability.    J),  Drop  of  saturated 
solution  of  salt  on  nerve,  N;  F,  Flag  on  mnscle. 

circuit  the  battery.  From  two  of  the  binding  screws  connect 
wires  with  two  N.P.  electrodes,  introducing  a  short-circuiting 
key  in  the  electrode  circuit  (fig.  220). 
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(b)  Pin  a  straw  flag  to  the  foot  of  a  N.M.  preparation,  and  fix 
the  femur  in  a  clamp.  Lay  the  nerve  over  the  N.P.  electrodes 
— the  electrodes  being  separated  from  one  another  about  2  cm. 
Trace  the  direction  of  the  current,  and  make  a  mark  to  guide 
you  showing  when  the  current  in  the  nerve  is  descending  or 
ascending — i.e.,  whether  the  +  or  -  pole  is  next  the  muscle. 

(c)  Place  on  the  nerve  between  the  electrodes  and  the  muscle 
a  drop  of  a  saturated  solution  of  common  salt.  In  a  minute 
or  less  the  toes  begin  to  twitch,  and  gradually  a  more  or  less 
complete  tetanus  sets  in.  By-and-by  the  flag  is  raised  and  kept 
in  the  horizontal  position. 

(d)  Turn  the  commutator,  so  that  the  positive  pole  is  next  the 
muscle ;  the  flag  sinks — i.e.,  the  excitability  of  the  nerve  in  the 
region  of  the  positive  pole  is  so  diminished  as  to  "block"  the 
impulse  passing  to  the  muscle,  showing  that  the  positive  pole 
lowers  the  excitability. 

(e)  Reverse  the  commutator — put  negative  pole  next  the 
muscle — the  limb  becomes  tetanic.  The  negative  pole  (kath- 
electrotonic  area)  increases  the  excitability. 

(/)  The  contractions  of  the  muscle  may,  if  desired,  be 
recorded. 


2.  Another  method. — (a)  Two  cells,  two  pairs  of  N.P.  electrodes,  or  one 
pair  N.P.  electrodes  and  one  pair  of  platinum  electrodes,  two  du  Bois  keys, 
a  spring-key,  commutator  loith  cross-iars.  Arrange  apparatus  (fig.  221). 
Prepare  two  pairs  of  N.P.  electrodes  for  the  nerve.  If  necessary,  a  rheo- 
chord  may  be  introduced  in  the  polarising  circuit. 


Fig.  221. — Scheme  of  electrotonic  variation  of  excitability, 
and  B,  E,  Stimulation  of  current. 


P,  P,  Folarising ; 


(6)  Connect  two  cells  with  a  Pohl'a  commutator  vnih  cross-ha/re,  C; 
connect  the  commutator — a  short-circuiting  key  intervening — to  one  pair 
of  the  N.P.  electrodes.     This  is  the  "polarising  current,"  P,  P. 

(c)  Arrange  a  coil  for  tetanising  shocks  [or  single  shocks];  use  N.P. 
electrodes  or  platinum  electrodes,  and  short-circuit  the  S  circuit.  This  is 
the  "  exciting  current,"  E,  E. 
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{d)  Arrange  aN.M.  preparation — nerve  as  long  as  possible — to  record  on 
a  drum.  Place  the  nerve  on  the  two  pairs  of  electrodes  in  the  moist 
chamber,  the  "  polarising  "  pair  being  next  the  out  end  of  the  nerve,  P,  P, 
and  about  i  centimetre  apart.  Between  the  polarising  pair  and  the  muscle 
apply  the  "  exciting  "  electrodes  to  the  nerve,  E,  E,  as  close  as  possible  to 
one  N.P.  electrode. 

(e)  With  the  polarising  current  short-circuited,  push  the  S  from  the  P 
coil,  and  find  the  minimum  distance  at  which  a  feeble  contraction—  weak 
tetanus — of  the  muscle  is  obtained.  Push  the  S  coil  up  until  a  weak 
contraction  is  obtained,  and  take  a  tracing.  Previously  arrange  the 
commutator  to  send  a  deacending  current  through  the  nerve.  While  the 
muscle  is  contracting  feebly,  throw  in  the  descending  polarising  current ; 
at  once  the  contraction  becomes  much  stronger.  Reverse  the  commutator 
and  pass  an  ascending  polarising  current  through  the  nerve,  the  contrac- 
tion ceases. 


Fig.  222. — Tracing  showing  effect  of  anode  and  kathode  on  excitability  of  nerve,  the 
latter  stimulated  with  repeated  shocks.    T,  Time  in  seconds. 

(/)  Repeat  the  experiment,  using  Neef's  hammer,  selecting  a  strength  of 
stimulus  just  insufficient  to  give  tetanic  response  when  the  +  pole  of  the 
polarisiijg  current  is  next  the  muscle.  Reverse  the  commutator,  and  at 
once  the  previously  inadequate  shocks  become  adequate  and  tetanus  results 
(fig.  222),  where  the  effect  of  +  and  -  poles  are  shown  alternately. 

Xg)  Repeat  the  above  experiments,  using  single  break-shocks  instead 
of  a  break-tetanus. 

In  the  first  case,  the  area  influenced  by  the  exciting  electrodes 
was  affected  by  the  negative  pole — i.e.,  was  in  the  condition  of 
kathelectrotonus,  and  the  tetanus  was  increased;  therefore,  the 
kaihelectrotonic  condition  increases  the  excitability  of  a  nerve.  In 
the  second,  the  nerve  next  the  exciting  electrodes  was  in  the 
condition  of  anelectrotonus,  and  the  contractions  ceiased  ;  there- 
fore, the  anelectrotonic  condition  diminishes  the  excitability  of  a 
nerve  (fig.  223). 

3.  Eheoohord — Salt  as  stimulus. — A  rheochord  may  be  used  to 
graduate  the  polarising  current,  salt  being  used  as  the  stimulus. 

(a)  Arrange  two  N.P.  electrodes  in  a  moist  chamber,  provided  with  a 
recording  lever,  placing  the  N.P.'s  about  i  cm.  apart, 

(6)  Connect  the  terminals  of  two  cells  (arranged  in  circuit)  to  the  central 
screws  of  a  Pohl's  commutator  (with  cross-bars,  as  in  fig.  221)',  placing  a 
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Hg-key  in  the  circuit.  Connect  the  wires;  x,  y,  to  the  two  blocks  on  the 
rheochord  (fig.  93).  By  reversing  the  commutator  the  current  through  the 
rheochord  is  reversed.  Connect  one  N.P.  electrode  with  one  terminal  of 
the  rheochord,  and  the  other  N.P.  with  the  movable  slider,  S,  of  the 
rheochord. 

(c)  Notice  which  pole  is  next  the  muscle  and  make  a  mark  to  guide  you. 
Make  a  long  N.M.  preparation,  and  arrange  the  nerve  over  the  electrodes, 
attaching  the  muscle  to  a  recording  lever  (crank). 
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Fig.  223, — Scheme  of  electrotonic  variation  of  excitability  in  a  nerve.  K^  Katliode ; 
A,  Anode ;  N,  n.  Nerve.  Tlie  curve  above  the  line  indicates  increase,  and  that  below 
the  line  decrease  of  excitability. 

(d)  Begin  with  the  slider,  S,  close  up  to  zero,  and  gradually  slide  it 
along  until,  on  closing  the  battery  circuit,  the  muscle  responds  at  make 
whether  the  +  or  -  pole  is  next  the  musole-^j.e.,  whether  the  current  is 
ascending  or  descending. 

(c)  Break  the  circuit,  place  on  the  nerve  near  the  muscle  either  a  drop  of 
saturated  solution  of  common  salt  or  fine  moist  crystals  of  salt.  Wait  till 
the  salt  causes  occasional  spasmodic  movements.  Close  the  key,  place  the 
( — )  pole  next  the  muscle,  at  once  the  limb  becomes  tetanic  owing  to  the 
increase  of  excitability  under  the  influence  of  the  ( - )  pole  [Kcuthdectro- 
tonus).     Break  the  current,  the  limb  becomes  quiescent. 

(/)  Open  the  key,  and,  after  a  short  time,  when  the  spasms  reappear 
reverse  the  commutator  so  that  the  ( + )  pole  is  next  the  muscle.  Close  the 
current,  the  limb  becomes  quiescent,  due  to  the  fall  of  excitability  under 
the  influence  of  the  (  +  )  pole  (Anelectrotorms).  Break  the  current,  the 
muscle  becomes  tetanic.  Thus  it  is  shown  that  the  appearance  of  kath- 
electrotonus  and  the  disappearance  of  anelectrotonus  are  accompanied  by 
increase  of  excitability,  while  the  disappearance  of  kathelectrotonus  and 
the  appearance  of  anelectrotonus  are  accompanied  by  diminution  of 
excitability. 

4.  Conductivity  is  Impaired  in  Intra-Polar  Region.— Arrange  the  ex- 
periment as  in  3,  but  place  the  salt  on  the  nerve  as  far  as  possible  from  the 
muscle.  When  the  salt  causes  tetanic  spasms,  close  the  current  through 
the  electrodes,  and,  whether  this  current  be  ascending  or  descending,  the 
spasms  cease,  because  the  excitatory  change  is  "  blocked "  in  the  intra- 
polar  area. 
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5.  Eitter's  Tetanus  or  Opening  Tetanus. — (a)  Connect  three  cells  with 
^.P.  electrodes,  short-circuiting  with  a  du  Bois  key.  To  the  nerve  of 
N.M.  preparation  apply  the  electrodes  so  that  the  (  +  )  pole  is  next  the 
muscle — i.e.,  the  current  is  ascending  in  the  nerve.  Allow  the  current  to 
circulate  in  the  nerve  for  some  time  (about  five  minutes),  no  contraction 
takes  place.     Short-circuit,  and  the  muscle  becomes  tetanic. 

(6)  Divide  the  nerve  between  the  electrodes,  and  the  tetanus  does  not 
cease ;  but  on  dividing  it  between  the  ( + )  pole  and  the  muscle  the  tetanus 
ceases.  Therefore  the  tetanus  is  due  to  some  condition  at  the  positive  pole 
— i.e.,  the  stimulation  proceeds  from  the  positive  pole  at  break. 

(c)  If  the  intra-polar  current  is  descending — i.e.,  kathode  next  the 
muscle — when  "opening  tetanus"  appears  on  breaking  the  circuit,  cut  the 
nerve  between  the  electrodes.  Observe,  the  tetanus  ceases — i.e. ,  the  anode 
or  source  of  stimulation  is  removed. 

6.  Kathodio  stimulus  is  the  more  powerful. — (a)  Let  the  M  and  B 
shocks  be  made  approximately  equal  by  the  arrangement  shown  in  fig.  224. 
In  the  S  circuit  place 

a  Pohl's  commutator 
with  cross  -  bars,  R.  ' 
Place  one  electrode,  C, 
under  the  sciatic  nerve, 
and  the  other  on  a  dis- 
tant part  of  the  body. 

(6)  Suppose  C  to  be 
the  kathode,  select  a 
strength  of  shock — i.  e. , 
distance  of  S  from  P 
coil — so  that  there  is 
response  on  breaking 
the  primary  current. 
Reverse  the  commuta- 
tor so  that  C  becomes 
the  anode.  There  is  no 
muscular  response  at 
break,  but  it  oocvirs 
at  make,  as  C  is  then 
the  kathode. 

7.  Eleotrotonio  change  in  conductivity. — Arrange  the  experiment  as  in 
Fig.  221,  but  place  the  polarising  electrodes  next  the  muscle,  and  the 
exciting  electrodes  near  the  cut  end  of  the  nerve.  Tetanise  the  muscle 
through  its  nerve,  throw  in  polarising  current  either  ascending  or  descending, 
the  tetanus  ceases.  The  polarising  current  has  caused  a  "block"  by  lowering 
the  conductivity  of  the  nerve  in  the  intra-polar  region. 

8.  Eleotrotonio  variation  of  eleotro-motivlty. 

(a)  Arrange  a  long  nerve  on  N.P.  electrodes,  as  for  determining  its 
demarcation-current.  Place  the  free  end  of  the  nerve  on  a  pair  of  N.P. 
electrodes — the  polarising  current — arranged  as  in  Lesson  XLIX.,  so  that 
the  current  can  be  made  ascending  or  descending. 

(6)  Take  the  deflection  of  the  galvanometer  or  demarcation-current  when 
the  polarising  current  is  shut  off.  Throw  in  a  descending  polarising  current, 
the  spot  of  light  travels  towards  zero.  Reverse  the  commutator  and  throw 
in  an  ascending  current,  the  spot  of  light  shows  a  greater  positive  variation 
than  before.  From  this  we  conclude  that  kathelectrotonus  diminishes  the 
eleclro-motimty,  while  anelecirotemvs  increases  it.   In  the  extra-polar  kathodio 


Fig.  224, — Scheme  to  show  that  kathodio  Btimulation  is 
the  more  powerful.  K,  Key ;  R,  Commutator ;  F, 
Frog's  leg ;  C,  One  electrode. 
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region  an  electrotonic  current  appears  when  the  polarising  current  is 
closed.  It  has  the  same  direction  as  the  polarising  current.  In  the 
anodic  region  the  direction  is  also  that  of  the  polarising  current;  but 
the  electrotonic  current  is  stronger  than  the  kathodio  current.  If  a 
demarcation-current  exists  already,  the  electrotonic  currents  are  superposed 
on  it. 

9.  Hermann's  Schema. 

Extra-polar  electrotonic  currents. — This  jaodiA  (" KerTileiter")  is  merely  an 
apparatus  for  imitating  the  polarisation  phenomena  in  medullated  nerve. 
It  consists  of  a  glass  tube  5  to  10  mm.  in  diameter,  with  several  vertical 

branches.  Through  the  horizontal  tube 
passes  a  platinum  wire  stretched  be- 
tween two  corks  at  either  end.  The 
system  is  filled  with  saturated  solution 
of  ZnS04.  Two  of  the  vertical  tubes 
represent  the  polarising  current,  and 
two  the  extra-polar  current.  Two 
amalgamated  zinc  rods — inserted  in 
the  corresponding  vertical  tubes — con- 
nected with  a  Daniell  cell  represent 
the  polarising  current.  A  similar 
arrangement  of  electrodes  connected 
with  a  galvanometer  (e.g.,  d' Arsonval's) 
represents  the  arrangement  for  study- 
ing the  extra-polar  currents  produced 
by  the  passage  of  a  galvanic  current 
through  a  platinum  wire  surrounded 
by  a  saturated  solution  of  ZnSOi. 
Similar  results  are  obtained  to  those 
in  nerve,  but,  as  Waller  points  out, 
they  are  not  suppressed  by  anesthetics. 
The  tube  may  be  filled  with  0-6  NaCl, 
and  the  wire  may  be  platinum  or  zinc. 
The  currents  obtained  are  polarisation 
currents,  for  if  a  Zn  wire  be  used  with 
ZnSOi  where  no  polarisation  obtains, 
there  is  no  extra-polar  current. 

10.  Rheochord  of  du  Bois-Reymond 
may  be  used  to  vary  the  amount  of  a 
constant  current  applied  to  a  muscle 
or  nerve  (fig.  225).  It  consists  of  an 
oblong  shallow  box,  with  German-silver 
wire — of  varying  length,  and  whose 
resistance  is  accurately  graduated — 
stretched  in  relation  to  it.  At  one  end 
are  a  series  of  brass  blocks  disconnected 
with  each  other  above,  but  connected  below  by  a  German-silver  wire 
passing  round  a  pin.  These  blocks,  however,  may  be  connected  directly 
by  brass  plugs,  S1S2  .  .  Sg.  From  the  blocks  i  and  -^  two  platinum 
wires  pass  from  A  to  the  opposite  end  of  the  box,  Y,  where  they  are 
insulated.  Between  the  wires  is  a  "slider,"  L,  consisting  of  two  brass 
cups  containing  mercury,  which  slide  along  the  wires. 

In  using  it,  connect  a  DanieU's  cell  with  the  binding  screws  A  and  B, 
and  to  the  same  screws  attach  the  wires  of  the  electrodes  over  which  the 


Fig.  225. — ^Rheochord  of  du  Bois- 
Beymond. 
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nerve,  c d,  of  the  muscle,  F,  is  laid.  We  have  two  circuits,  acdb  and 
cc  A  B  &  ;  the  wires  of  the  rheochord  are  introduced  in  the  latter. 

Push  up  the  slider  with  its  cups,  L,  until  it  touches  the  two  brass  plates 
I  and  2,  and  insert  all  the  plugs,  S^-Sg,  in  their  places,  thus  making  the 
several  blocks  of  brass  practically  one  block.  In  this  position,  the  zero  of 
the  instrument,  the  resistance  of  the  rheochord  circuit  is  so  small  compared 
with  that  including  the  nerve,  that  practically  all  the  electricity  passes 
through  the  former  and  none  through  the  latter. 

Move  the  slider  away  from  A,  where  by  resistance  is  thrown  into  the 
rheochord  circuit,  according  to  the  length  of  the  platinum  wires  thus  intro- 
duced. Thus  a  certain  fraction  of  the  current  is  sent  through  the  electrode 
circuit.  If  the  plug  Si  be  taken  out  more  resistance  is  introduced,  that  due 
to  the  German-silver  wire,  I  6,  and,  therefore,  a  certain  amount  of  the 
current  is  made  to  pass  through  the  electrode  circuit.  By  taking  out  plug 
after  plug  more  and  more  resistance  is  thrown  into  the  rheochord  circuit. 
The  plugs  are  numbered,  and  the  number  and  length  of  the  German-silver 
wires  are  so  selected  in  making  the  instrument,  that  the  resistances  re- 
presented by  the  several  plugs  when  removed  are  all  multiples  of  the 
resistance  in  the  platinum  wires  on  which  the  slider  moves.  Proceed  taking 
out  plug  after  plug,  and  note  the  result.  The  result  and  explanation  are 
referred  to  in  Lesson  XL VIII. 


LESSON    L. 


VELOCITY   OP   ITERVE-IMPiriiSE— CONDUCTIVITY 
AND    EXCITABILITY    OP    NERVE. 

1.  Velocity  of  nerve-impulse  in  motor  nerve  of  frog. 

The  rate  of  pro.pac;atioa  of  a  nerve-impulse  or  excitatory 
cnange  may  be  estimated  by  the  pendulum  or  spring-myograph, 
or  by  using  a  recording  surface  moving  with  sufficient  velocity. 
With  the  spring-myograph  it  is  necessary  to  use  such  a  coiled 
spring  as  will  cause  the  glass  plate  to  move  with  sufficient 
rapidity  to  give  an  interval  long  enough  for  the  estimation  of 
the  latent  period. 

(a)  Arrange  the  spring-myograph  (fig.  226) — i.e.,  a  coil  for 
single  break-shocks — with  the  trigger-key  of  the  myograph, 
I,  2,  in  the  P  circuit;  in  the  S  circuit  (which  should  be  short- 
circuited,  not  represented  in  the  diagram)  place  a  Pohl's  com- 
mutator without  cross-bars,  0.  Two  pairs  of  wires  from  the 
commutator  pass  to  two  pairs  of  electrodes  {a,  h),  arranged  on  a 
bar  in  the  moist  chamber.  Measure  the  distance  between  the 
electrodes. 
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(6)  Use  a  N.M.  preparation  with  a  long  nerve,  N,  clamp  the 
femur,  /,  attach  the  tendon,  m,,  to  a  writing-lever,  and  lay  the 
nerve  over  the  electrodes,  the  distance  between  them  being 
known.  It  is  well  to  cool  the  nerve  by  iced  normal  saline ;  the 
velocity  of  the  impulse  diminishes. 

(c)  Arrange  the  smoked  glass  plate,  adjust  the  lever  to 
mark  on  the  glass,  close  trigger-key  in  P  circuit,  and  open  the 
secondary.  Arrange  commutator  so  that  the  stimulus  will  be 
sent  'through  the  electrodes  next  the  muscle,  a.  Press  the 
thumb  plate;  the  glass  plate  shoots  across.  The  tooth,  3, 
breaks  the  P  circuit,  and  a  curve  is  inscribed  on  the  plate. 


I  n 

Fig.  226.— Scheme  for  estimating  the  velocity  of  nerve-impulse. 

(d)  Short-circuit  again,  re-adjust  glass  plate,  close  trigger-key, 
and  reverse  commutator.  This  time  the  stimulus  will  pass 
through  the  electrodes  away  from  the  muscle,  h.  Open  the  S 
circuit,  and  shoot  the  glass  plate;  another  curve  is  recorded,  this 
time  a  litth  later  than  the  first  one.  The  contraction  also  will 
be  slightly  higher. 

(e)  Re-adjust  glass  plate,  close  the  trigger-key,  open  the  S 
circuit,  and  shoot  the  plate.     This  makes  the  abscissa. 

(/)  Re-adjust  glass  plate,  close  trigger-key,  and  bring  the 
tooth  of  the  glass  plate,  3,  just  to  touch  trigger-key ;  raise  the 
writing-lever  to  make  a  mark  to  indicate  the  moment  when  the 
stimulus  was  thrown  into  both  points  of  the  nerve. 

(g)  Remove  the  moist  chamber,  push  up  the  glass  plate,  close 
the  trigger-key,  and  record  time  by  a  tuning-fork  vibrating 
250  D.V.  per  second.    Fix  and  study  the  tracing.    Draw;  ordinates 
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from  the  beginning  of  the  curves  obtained  by  the  stimulation  of 
a  and  6  respectively,  measure  the  time  between  them  from  the 
time-curve  (this  gives  ;the  time  the  impulse  took  to  travel  from 
h  to  a),  and  calculate  the  velocity  from  the  data  obtained. 

Example. — Suppose  the  length  of  nerve  between  the  electrodes 
to  be  4  cm.,  and  the  time  required  for  the  impulse  to  travel  from 
6  to  a  to  be  yi^  second.  Then  we  have  4  :  loo  :  7-^5"  :  ^V'>  "'" 
30  metres  (about  98  feet)  per  second,  as  the  velocity  of  nerve- 
energy  along  a  nerve. 

2.  "With  the  pendulum-myograph  practically  the  same  arrange- 
ments are  necessary.  If  it  be  desired  to  test  the  effect  of  heat 
or  cold  on  the  rapidity  of  propagation,  the  nerve  must  be 
laid  on  platinum  electrodes  fixed  in  a  chamber  made  of  ebonite. 
The  top  of  the  chamber  is  covered  with  a  lacquered  copper  plate 
on  which  the  nerve  rests.  Through  the  chamber  water  at 
different  temperatures  can  be  passed,  and  the  effect  on  the  rate 
of  propagation  observed. 

3.  Velocity  of  motor  nerve-impulse  in  man. 

(a)  Penduhim-myograph. — Connect  two  Leclanch6  cells  with 
the  P  circuit  of  an  induction  coil  and  interpose  in  the  circuit  the 
trigger-key  of  the  myograph,  which  the  pendulum  opens  in 
swinging  past.  Short-circuit  the  S  circuit,  and  to  the  short- 
circuiting  key  attach  a  pair  of  rheophores  moistened  with  strong 
solution  of  salt. 

(6)  Arrange  Marey's  "pince  myographique"  (fig.  1940)  to  com- 
press the  adductor  muscles  of  the  thumb  when  the  latter  is  in 
the  abducted  position.  Connect  the  "  pince  "  by  means  of  an 
india-rubber  tube  with  a  Marey's  tambour  (fig.  193)  arranged  to 
record  on  the  myograph. 

(c)  The  nerve  supplying  the  adductor  muscles  of  the  thumb 
must  be  stimulated  first  near  the  ball  of  the  thumb,  and 
secondly  at  the  bend  of  the  elbow.  Contraction  takes  place 
sooner  from  the  former  than  from  the  latter  position.  Suppose 
the  right  thumb  to  be  used,  apply  one  rheophore  to  the  right 
side  of  the  chest,  and  the  other  just  over  the  ball  of  the 
thumb.  Allow  the  pendulum  to  swing.  Take  a  tracing.  Re- 
place pendulum,  short-circuit  the  S  circuit,  and  close  trigger-key. 

(d)  Open  the  S  circuit.  Apply  the  arm  rheophore  to  the 
median  nerve  at  the  bend  of  the  elbow,  and  record  contraction. 

(e)  Record  a  base-line,  and  mark  the  point  of.  stimulation  on 
the  myograph  plate.  Make  a  time-tracing  under  the  two  muscle 
curves. 
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(/)  Measure  the  distance  between  (i.)  the  two  arm  electrodes; 
(ii.)  the  beginning  of  the  two  curves;  (iii.)  note  the  time  value 
of  (ii.)  as  indicated  by  the  time  curve ;  and  from  these  data 
calculate  the  time  the  nervous  impulse  took  to  travel  from  the 
elbow  to  the  nerve  supplying  the  muscles  of  the  ball  ot  the 
thumb. 
4.  Conductivity  «.  Excitability  (Gninliagen's  experiment), 
(a)*  Pass  the  nerve  of  a  N.M.  preparation  through  a  glass 
tube  (fig.  227),  sealing  the  ends  with  clay,  but  not  compressing 
the  nerve.  The  tube  is  supplied  with  an  inlet  and  outlet,  to 
which  elastic  tubes  can  be  attached  and  through  which  vapours 
or  gases  can  be  passed,  and  also  with  electrode's  so  that  the 

nerve  can  be  stimulated  within 
or  outside  the  tube.  Use  a 
Pohl's  commutator  without 
cross-bars  for  this  purpose. 

(6)  Pass  CO2  from  a  Kipp's 
apparatus  through  the  tube ; 
on  stimulating  the  nerve  at 
A  with  repeated  shocks,  there 
is  no  response,  but  on  stimu- 
lating at  B  there  is.  Find  a 
strength  of  stimulus  which 
just  excites  the  nerve  at  A 
and  B.  On  passing  OOg  A 
no  longer  responds  to  this 
stimulus,  but  requires  a 
stronger  stimulus,  or  it  may 
not  respond  at  all.  It  would' 
seem  that  the  excitatory 
change  set  up  at  B  is  propagated  through  A,  although  its 
excitability  is  very  feeble  or  nil.  It  thus  seems  to  con- 
duct, even  though  it  is  inexcitable  to  stimuli  applied  to  it 
directly. 

(c)  Blow  away  the  COj,  the  nerve  recovers  its  excitability  or 
irritability.  On  passing  the  vapour  of  alcohol  the  conductivity 
appears  to  vanish  before  the  excitability.  It  is  better  to  suck 
the  vapour .  through  by  means  of  any  form  of  exhaust  pump. 
The  alcohol  itself  must  not  toueh  the  nerve.  Stimulate  at  A 
and  B  as  before.  After  a  time  stimulation  of  B  fails,  while  A 
causes  response.  Thus  the  conductivity  seems  impaired,  while 
the  irritability  is  retained.  The  results,  however,  may  be 
capable  of  a  different  interpretation.     (Gad,  du  Bois-Beymond's 


Fig.  Z27. — G-riinhagen's  experiment  on 
Conductivity  ».  Excitability. 
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ArchvD.,    1888,   395,    and    1889,   350;    Piotrowski,    "  Trennung 
d.  Reizbark.  v.  Leitungsfah.  d.  Nerven,"  ibid.,  1893,  205.) 

(d)  Apply  cold  to  a  nerve,  lay  the  nerve  over  a  glass  tube 
through  which  cold  water  is  flowing.  Cold,  like  COj,  abolishes 
or  diminishes  the  excitability  but  not  the  conductivity. 

(e)  Ether. — An  elegant  method  devised  by  Gotoh  consists  in  exciting  the 
nerve  by  single  induction  shocks  alternately  within  the  chamber  (fig.  227), 
and  also  central  to  or  above  the  ether  chamber,  the  contractions  being 
recorded  simply  as  ordinates  on  a  slow-moving  drum.  Excitability,  as 
tested  by  electrodes   within    the   chamber,   disappears 

before  loss  of  conductivity.  On  blowing  away  the  ether 
vapour,  the  excitabihty  of  nerve  within  the  chamber 
re-appears.  Re-apply  ether  vapour  until  both  excita- 
bihty and  conductivity  disappear.  Blow  away  ether, 
conductivity  re-appears^.e.,  proved  by  stimulation  of 
nerve  inside  and  above  ether  chamber,  and,  later,  the 
excitabihty  of  the  nerve  within  the  tube  returns. 

(/)  Chloroform  vapour  rapidly  abohshes  both  excita- 
bility and  conductivity,  and  the  result  may  be  final. 
It  is  a  far  more  potent  poison  for  nerve  tissue  than 
ether  {Waller). 

5.  Double  conduction  in  nerve  {Kiihne'a  experiment 
on  sa/rtorius) — i.e.,  the  same  nerve  may  conduct  impulses 
both  oentriJEugally  and  centripetally.  Kiihne  showed 
that  the  sartorius  at  its  ends  was  devoid  of  nerve  fibres. 
Not  only  does  the  nerve  on  entering  the  muscle  divide, 
as  shown  in  fig.  228,  but  each  axis  oyhnder  divides,  one 
branch  going  upwards  and  the  other  downwards. 

(a)  Remove  the  sartorius  with  great  care,  slit  it  up  in 
the  middle  line  for  one-third  of  its  length,  beginning  at 
the  broad  end.  Suspend  it  vertically  by  its  bony  attach- 
ment in  a  clamp. 

(6)  Snip  the  right  segment  at  its  lower  end.  Only 
the  right  half  contracts ;  snip  again  a  little  higher — 
same  result.  Snip  higher  in  the  region  of  nerves,  both 
segments  twitch  ("  Zwei-Zipfel  Versuch,"  i860). 

6.  Double  conduction  in  nerve  (Kiihne's  gracilis 
experiment). — The  gracilis  is  divided  into  a  larger  and 
smaller  portion,  L,  by  a  tendinous  intersection,  K, 
running  across  it  (fig.  229).  The  nerve,  N,  enters  at  the 
hilum  in  the  larger  lialf,  and  bifurcates,  giving  a  branch, 
h,  to  the  smaller  portion,  and  another  to  the  larger 
portion  of  the  muscle,  but  neither  branch  reaches  quite  to  the  end  of 
either  half  of  the  muscle. 

(a)  Remove  the  graciHs  (rectus  internus  major  and  minor)  (Eclcer).  The 
method  of  removing  semi-membranosus  and  gracilis  together  has  aheady 
been  described  (Lesson  XXIX.,  5).  Place  a  pithed  and  skinned  frog  on  its 
back.  In  order  to  see  the  outUne  of  the  thigh  muscles  better,  moisten  them 
with  blood.  The  sartorius  by  its  inner  margin  lies  in  relation  with  the 
graeihs  near  its  lower  attachment,  the  gracilis  itself  lying  on  the  ventral 
surface  of  the  inner  part  of  the  thigh,  having  its  origin  at  the  symphysis, 
and  its  insertion  at  the  tibia.     The  small  part — minor — is  attached  to  the 


228.- 


Distri- 
bution  o£  nerve 
fibres  in  sartoriiis^ 
o(  frog  {Mays). 
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skin  and  is  usually  torn  through  when  the  skin  is  removed.  By  its  other 
margin  it  is  in  contact  with  the  semi-membranosus.  The  muscle  is  de- 
tached from  below  upwards.  Its  tendinous  inscription  or  intersection  is 
readily  visible  on  a  black  surface. 

(6)  Cut  it  (fig.  229),  avoid  injuring  nerves,  so  that  only  the  nerve  twig 

{k)  connects  the  larger  and  smaller  halves,  and  in  one  tongue,  Z,  terminates 

a  nerve.    After  excision  lay  it  on  a  glass  plate  with  a  Hack  background, 

to  see  clearly  the  inscription  and   the  course  of  the 

^ — y  nerves. 

/^  \  (c)   Stimulate   the  tongue,   Z,   with  fine  electrodes, 

/ \  )  ^\  contraction  oooturs  in  both  L  and  K.     This,  according 

/  \IJ  I  to  Kuhne,  is  due  to  centripetal  conduction  in  a  motor 

I     XtvJ  nerve.     This  experiment  is  adduced  by  him  as  proof  of 

\y^-^Qj!  double  conduction  in   nerve  fibres.      Maya  finds  that 

■'   /^i\\\^>^ N     *''®  ■^^'^^®  ^"""^  divides  and  supplies  both  halves  of  the 
''r^y\    \l  ^^"^     muscle. 

z w^  I      I  (i^)  J-^  *^^  muscle  be  exposed  in  a  curarised  frog,  on 

'■.,     )      /  stimulating  either  half  of   the  muscle  with   repeated 

\  \  ^  /  shocks,  only  that  half  responds,  as  the  inscription  blocks 

''■ly  the  passage  of  the  muscle-wave. 

Kb     2  — Kiihne's        '^^  ^^  ^°  uncurarised  muscle  is  used,  stimulation  of 

experiment  on  the     t^^    muscle   near    its    ends   causes    response    only   in 

Gracilis.  its   own  half.      Why?      Because   there  are    no  nerves 

there ;    but    stimulation  near    the    inscription    causes 

response  in  both  halves.     Why  ?    Because  they  are  excited  through  their 

nerves,  as  shown  definitely  by  (c). 


LESSON    LI. 


CONDITIONS    AFFECTING    EXCITABILITY 
OF   NERVE. 

1.  Unequal  excitability  of  a  motor  nerve — Apparatus. — Cell,  two 
keys,  wires,  commutator,  coil,  either  for  single  or  faradic  shocks, 
two  pairs  of  electrodes. 

(a)  Arrange  as  in  Fig.  230.  Dissect  the  whole  sciatic  nerve 
with  the  leg  attached,  and  lay  the  nerve  on  two  pairs  of  elec- 
trodes, A  and  B,  one  near  the  muscle,  and  the  other  as  far  away 
from  it  as  possible.  Two  pairs  of  wires  thrust  through  a  cork 
do  quite  well. 

(b)  Stimulate  at  A  to  get  a  minimal  contraction — i.e.,  determine 
the  threshold  value  at  A.  Reverse  the  commutator,  and  stimulate 
at  B,  a  stronger  contraction  is  obtained.     The  excitability  of  a 
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nerve  is  greater  farther  from  a  muscle  or  nearer  the  centre. 
Instead  of  using  single  shocks,  repeated  shocks  may  be  used. 

2.  Temperature  on  excitability  of  nerve. 

(a)  Fix  an  N.M.  preparation  on  a  crank  myograph,  so  as  to 
record  on  a  revolving  drum  provided  with  an  automatic  break- 
key  in  the  P  circuit  of  a  coil  arranged  to  give  feeble  break- 
shocks. 

(6)  Bring  a  test  tube  filled  with  water  at  8o°  to  90°  C.  near  the 
nerve,  where  the  electrodes  lie  on  it.  The  contractions  rapidly 
increase,  and  may  become  maximal. 

(c)  Remove  the  tube,  the  contractions  diminish — i.e.,  the 
excitability  falls. 

(d)  Similar  results  may  be  obtained  by  the  direct  application 
of  warm  normal  saline  to  a  nerve. 

(For  other  kinds  of  nerve  fibres  see  "  Effects  of  stimulation  and  of  changes 
in  temperature  upon  irritability  and  conductivity  of  nerve  fibres,"  oy 
Howell  and  others,  Jowm.  of  Phys.,  xvi.)  298;  Gotoh  and  Maodonald, 
Joum.  of  Phys.,  xii.,  xx.,  also  §  8.) 


Fig.  230. — Scheme  for  unequal  excitability  of  nerve  (single  shocks). 

3.  Salt  increases  excitability  of  nerve. 

(o)  Arrange  an  N.M.  preparation  as  in  2,  and  determine  the 
distance  of  the  S  from  the  P  coil  to  obtain  a  minimal  stimulus — 
i.e.,  response.  Apply  a  drop  of  saturated  solution  of  common 
salt  to  the  nerve  between  the  electrodes  and  the  muscle.  Almost 
at  once  the  excitability  of  the  nerve  is  increased,  as  shown  by 
the  height  of  the  contraction. 

(6)  After  several  minutes  the  muscles  begin  to  twitch.  The 
excitability  is  increased,  but  before  muscular  response  to  chemical 
stimulation  is  elicited  a  considerable  time  elapses. 
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4.  EflFect  of  section  on  excitability  of  a  nerve. 

(a)  Arrange  a  coil  for  single  shocks,  expose  the  sciatic  nerve, 
and  under  it,  near  its  central  end,  place  insulated  electrodes. 
Ascertain  the  distance  of  the  S  from  the  P  coil  at  which  the 
break-shock  is  just  too  weak  to  cause  the  muscles  to  respond 
(sub-minimal). 

(6)  With  scissors  divide  the  nerve  on  the  central  side  of 
the  electrodes.  The  stimulus  (previously  sub-minimal)  now 
causes  a  strong  contraction. 

(c)  Ascertain  the  distance  (perhaps  several  cms.)  to  which  the 
S  coil  must  be  pushed  away  from  the  P  in  order  to  obtain  again 
a  sub-minimal  stimulus.  The  condition  of  increased  excitability 
lasts  for  some  time. 

5.  Excitability  of  flexors  and  extensors  {Rollett). 

Arrange  a  coil  for  repeated  shocks.  Expose  either  the  sciatic 
nerve  or  the  sciatic  plexus.  "With  a  weak  current  flexion  of  thes 
leg  is  obtained;  on  pushing  up  the  S  coil,  extension. 

6.  Functions  of  motor  nerves  (sciatic  plexus). 

Remove  the  skin  from  the  hind-legs  of  a  frog;  open  the 
abdomen,  and  expose  its  sciatic  plexus.  Place  the  frog  on  its 
back.  Stimulate  with  faradic  electricity — selecting  a  strength 
of  current  just  adequate  to  yield  a  muscular  response — each  of 
the  three  cords,  7th,  8th,  and  9th,  forming  the  sciatic  plexus. 
The  upper  cord  supplies  muscles  acting  chiefly  on  the  hip-joint, 
the  lowest  acts  chiefly  on  the  muscles  moving  the  ankle  and 
toes,  and  the  middle  one  on  the  muscles  acting  on  the  knee-joint. 

Many  other  muscles  exhibit  similar  phenomena.  Weak  stimulation  of 
the  hypoglossal  nerve  (dog,  rabbit)  causes  the  tongue  to  be  protruded, 
strong  stimulation  causes  its  withdrawal.  Weak  stimulation  of  the  current 
laryngeal  nerve  causes  adduction  of  the  vocal  cords,  while  strong  stimuli 
cause  their  abduction  and  widening  of  the  glottis.  Is  it  due  to  dflferenoes 
in  excitability  of  nerve  fibre,  or  to  variation  in  the  structure — relative 
amount  of  sareoplasm,  &c. — in  the  muscles  themselves  ? 

7.  Nerve  impulse  remains  in  fibre  in  which  it  originates  (Uni-polar 
method). — (a)  Expose  the  sacral  plexus,  and  denude  the  hind  limbs  of  skin. 
Connect  to  S  coil  arranged  for  tetanising  currents  one  wire  soldered  to  a 
needle,  the  latter  enclosed  in  a  glass  tube  to  act  as  a  "point  electrode." 
Connect  the  other  wire  of  the  S  coil  to  a  gas  pipe. 

(6)  Touch  the  sacral  nerves  here  and  there  with  the  needle  electrode, 
and  observe  local  contraction  in  corresponding  fibres  of  the  sartorius  or 
other  muscle. 

(c)  Stimulate  local  fibres  of  sartorius  directly,  only  those  fibres  in  contact 
with  needle  contract. 

8.  Infiuence  of  locallaed  cold  upon  excitability  (doicA). — A.  Uponnerve. 
The  influence  of  changes  in  temperature  upon  excitability  can  be  investi- 
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gated  by  arranging  in  the  moist  chamber  a  glass  tube  placed  at  right  angles 
to  the  nerve  of  a  N.M.  preparation,  and  situated  so  that  a  small  portion  of 
the  nerve  shall  lie  athwart  the  tube.  Through  the  tube  water  at  tempera- 
tures varied  at  will  from  io°  to  30°  C  is  allowed  to  flow.  Arrange  two 
beakers  on  a  suitable  support — or  place  two  glass  funnels  in  a  double  filter 
stand — with  elastic  tubing  and  clips,  to  deliver  a  flow  of  hot  or  cold  water 
through  the  thin  glass  tube  on  which  the  nerve  is  placed  (see  also  p.  348). 

The  alteration  in  temperature  causes  a  rrmrhed  alteration  in  the  electrical 
resistance  of  the  tissue,  this  being  lowered  by  warmth  and  raised  by  cold  ;  in 
order  to  get  rid  of  this  purely  physical  change,  it  is  essential  that  a  large 
resistance  should  be  introduced  into  the  exciting  circuit.  This  is  most 
simply  done  by  using  N.P.  electrodes  with  threads  attached  to  the  ends  of 
the  electrodes  kept  moist  by  normal  saline.  The  threads  are  now  arranged 
so  as  to  touch  the  nerve  where  it  lies  on  the  tube,  one  thread  being  placed 
so  that  the  contact  shall  be  on  the  edge  of  the  cooling  tube  nearest  the 
muscle.  The  simplest  method  of  exciting  the  nerve  is  by  means  of  a  weak 
galvanic  current.  For  this  purpose  the  rheoehord  is  used  and  a  weak  cur- 
rent employed  of  such  direction  that  it  shall  descend  the  nerve  and  thus 
excite  this  at  the  cathodic  contact  on  the  distal  edge  of  the  glass  tube. 


.Fig.  231. — Effect  of  local  alteration  of  T"  upon  nerve  excitation  by  galvanic  currents 
100,000  ohms  In  exciting  circuit.  Galvanic  current  descending  nerve  with  kathodal 
seat  of  excitation  on  temperature  tube.  Current  closed  every  xo"  for  0*5".  Time 
relations  and  T°  change  indicator  (Ootch). 

In  order  to  ensure  that  the  galvanic  current  is  always  of  the  same  dura- 
tion, it  is  desirable  to  close  the  current  by  an  automatic  arrangement — 
either  a  revolving  drum  carrying  a  striker  which  shall  at  each  revolution 
strike  a  stretched  wire,  or  a  metronome ;  but  the  influence  of  the  tempera- 
ture alteration  may  be  obtained  without  this  arrangement,  the  closure 
being  effected  by  a  Pohl's  reverser  without  cross  lines  as  a  double  make 
mercurial  key  worked  by  the  hand. 

The  N.M.  preparation  having  been  made  and  the  muscle  attached  to  an 
appropriate  lever,  so  as  to  record  its  contraction  upon  a  very  slowly  moving 
surface,  an  intensity  of  surface  is  ascertained,  which,  with  the  nerve  at  the 
normal  temperature  of  the  room,  is  only  just  adequate  to  evoke  a  very  weak 
minimal  muscular  response  whenever  the  circuit  is  closed. 

The  temperature  of  the  nerve  is  now  raised  by  allowing  water  at  30°  C, 
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to  pass  through  the  tube,  when  the  re- 
sponse will  disappear ;  the  temperature 
is  now  lowered  by  allowing  water  at 
io°  C.  or  less  to  flow — the  response  is 
now  very  marked.  Localised  cold  thus 
increases  the  excitability  of  nerve  to  a 
galvanic  stimtUiis  (fig.  231).  Similar 
effects  can  be  obtained  with  the  con- 
denser discharge,  with  mechanical  and 
with  chemical  stimuli.  If  the  induction 
current  is  used  instead  of  the  galvanic 
current,  a  reverse  effect  is  obtained, 
the  N.M.  preparation  responding  better 
when  the  excited  nerve  is  at  30°  C.  ; 
and  this  favourable  influence  of  warmth 
persists  even  when  a  very  large  external 
resistance  is  introduced  into  the  circuit. 

B.   Upon  musde. 

The  sartorius  muscle  of  the  frog  is 
used  for  the  experiment,  the  threads  of 
the  exciting  electrodes  being  placed 
upon  the  broad  "nerveless"  pelvic  end 
of  the  muscle  under  which  the  tube  of 
the  cooling  arrangement  is  fixed.  It  is 
then  found  that  the  muscle  responds 
better  when  cooled  to  every  form  of 
stimulus  applied  to  the  cooled  region, 
including  the  induction  current.  If  the 
electrodes  be  shifted  to  the  "nerved" 
portion  of  muscle,  the  response,  being 
indirect,  is  disfavoured  by  cold  when 
the  induction  current  is  used. — (Com- 
municated hy  Professor  Gotch. )  See  also 
Gotch  and  Macdonald,  "Temperature 
and  Excitability,"  Joumai  oj  Phys., 
xii.,  XX.,   247,  1896. 

9.  Ether  on  nerve. — ^Arrange  a  N.M. 
preparation  in  a  moist  chamber  to  record 
on  a  very  slow  drum.  With  an  auto- 
matic break  apply  single  B  shocks  to 
the  central  end  of  the  nerve.  Lay 
middle  portion  of  nerve  in  a  small 
trough  made  with  china  clay  covered 
with  a  cover  slip,  and  provided  with  an 
inlet  and  outlet  tube,  the  former  con- 
nected to  a  vessel  containing  dilute 
ether  and  supplied  with  the  bellows  of 
a  spray  producer. 

Record  several  contractions,  and  then 
subject  the  part  of  the  nerve  in  the 
trough  to  the  action  of  ether  vapour ; 
gradually  the  contractions  diminish 
until  they  finally  cease.     Remove  ether 
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and  the  nerve  recovers.     The  nerve  impulses  are  completely  blocked  by 
the  ether. 

10.  Influence  of  length  of  nerve  on  excitation  (response)  by  voltaic 
current  ((?o<cA). — A  galvanic  current  causes  a  greater  response  the  larger 
the  stretch  of  nerve  it  flows  through. 

In  a  moist  chamber  a  frog's  sciatic  nerve  with  segment  of  spinal  column 
prepared  from  origin  to  termination,  with  muscle  attached,  and  arranged  to 
record,  is  placed  on  two  N.P.  electrodes — one  (A)  near  the  spinal  column, 
the  other  (B)  near  the  recording  muscle.  Adjust  the  nerve  on  A  by  trans- 
fixing the  spinal  column  with  a  pin,  which  also  fixes  the  preparation  on  the 
plate  of  the  myograph.  In  the  middle,  between  the  two  electrodes,  on  a 
cover  glass,  is  placed  a  wedge  of  kaolin,  C.  Between  the  upper  electrode,  A, 
and  C  is  stretched  a  piece  of  sciatic  nerve  from  the  other  leg  of  the  frog. 
The  nerve  is  in  air  between  the  contacts. 

Arrange  that  the  muscle  shall  record.  Connect  the  N.P.  electrodes 
A  and  B  through  a  rheochord  with  a  Daniell's  cell,  u,  Hg-key  inter- 
vening. 

Call  the  position  of  the  nerve  as  described  (I. ) — i.  e. ,  with  long  intra-polar 
region,  the  nerve  resting  on  A  and  B.  The  positions  are  easily  altered  by 
moving  the  pin  transfixing  the  spinal  column  so  that  the  nerve  of  the  N.M. 
preparation  is  oflF  A  and  on  C. 

In  position  I.  (with  long  intra-polar  region)  M  excitation  by  descending 
galvanic  current  (or  undried  current)  is  more  effective  than  with  11. 

The  eleotrotonic  changes  at  B  are  far  more  pronounced  {Gotch). 

11.  Inriuenoe  of  length  of  nerve  on  response.—  Dissect  out  two  N.M. 
preparations,  and  lay  the  nerve  of  the  one  over  the  nerve  of  the  other, 
close  to  the  origin  of  the  branches  for  the  thigh.  Two  N.P.  electrodes 
are  applied  to  the  nerves,  one  immediately  below  the  crossing,  and  the 
other  electrode  to  the  other  nerve  much  lower  down.  The  nerves  are  to 
be  stimulated  by  tetanising  shocks.  On  pushing  up  the  secondary  coil, 
that  muscle  contracts  first  which  is  connected  with  the  longer  nerve, 
although  intensity  and  density  of  the  current  are  the  same  in  both  nerves 
(Hermann). 


LESSON    LII. 


SMOOTH    MUSCLE— CILIARY    MOTION— 
CHEMOTAXIS— GALVANOTAXIS. 

A.  Smooth  muscle. — The  differences  between  this  and  skeletal 
muscle,  although  at  first  sight  very  marked,  are  in  most  cases 
differences  in  degree  only.  All  the  phases  of  its  activity  are 
more  sluggish.  The  latest  period  may  be  0-2  to  1-0  sec,  and 
the  contraction  may  last  from  0-5  to  3  mins.  It  is  far  less 
dependent  on  the  central  nervous  system,  and  often  exhibits 
rhythmical  contractions,  especially  when  subjected  to  tension. 
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While  nerves  proceed  direct  to  the  cord  from  skeletal  muscle, 
smooth  muscle  is  usually  supplied  with  non-medullated  fibres, 
and  there  is  a  nerve-cell  station  between  the  cord  and  the  smooth 
muscle.  There  are  often  ganglion  cells  and  nerve  plexuses 
interwoven  amongst  its  fibres. 

Owing  to  its  slow  reaction,  stimuli  of  long  duration  are  more 
effective  in  exciting  it  than  rapid  prompt  ones.  The  make  slow 
induction  shook  is  more  efi"ective  than  the  rapid  short  break, 
while  the  M  or  B  of  a  constant  current  causes  greater  response 
than  either.  The  make  of  a  constant  current  is  more  effective 
than  the  break  ;  the  M  excitation  starts  from  the  kathode,  and 
the  break  excitation  from  the  anode,  just  as  in  voluntary 
muscle. 

Double  innervation. — Smooth  muscle  has  a  certain  independent 
activity,  and  it  may  be  relaxed  or  contracted  quite  apart  from  its 
innervation  from  the  central  nervous  system.  It  is  supplied 
with  two  kinds  of  functionally  different  nerve  fibres.  One  set 
motor,  and  the  other  inhibitory,  the  latter  causing  relaxation  or 
cessation  of  motor  activity.  Both  sets  are  connected  with  nerve 
cells  in  their  course,  and  their  ultimate  peripheral  terminals  are 
non-medullated. 

In  skeletal  muscle  there  is  no  pr6pagation  of  the  excitatory 
state  laterally  from  one  fibre  to  one  lying  next  it.  In  smooth 
muscle,  a  stimulus  applied  to  one  part  may  set  up  an  excitatory 
process  which  is  propagated  all  over  the  sheet  of  tissue.  It  is 
readily  susceptible  to  heat — heat,  as  a  rule,  causing  relaxation, 
and  cold  a  tonic  contraction,  though  the  result  varies  with  the 
rapidity  of  change  of  temperature  and  many  other  conditions. 

No  absolute  distinction  can  be  drawn  between  striated  and 
smooth  muscle  physiologically,  so  that  v.  Uexkiill  has  suggested 
the  classification  under  the  headings  of  skeletal  and  visceral. 

Our  chief  knowledge  has  been  derived  from  a  study  of  the 
oesophagus  and  stomach  of  the  frog,  ureter,  intestine,  bladder, 
and  retractor  penis  (dog,  cat). 

1.  Out  out  a  ring  of  muscular  tissue  from  about  the  middle  of 
a  frog's  stomach  by  making  two  cuts  across  it  about  5  mm.  apart 
(Bernstein's  preparation).  Adjust  this  ring  to  a  muscle  lever 
by  means  of  two  metallic  hooks,  or  fix  it  in  Wild's  apparatus 
(fig.  196),  arrange  to  stimulate  the  tissue,  and  record  the  result 
OQ  a  slow  drum.  Let  the  writing  point  be  applied  to  the  drum 
as  in  Pfluger's  myograph,  or  as  shown  in  Fig.  144,  where  the 
pen  swings  on  a  horizontal  axis  attached  to  the  free  end  of  the 
writing  lever,  and  at  right-angles  to  tlie  direction  of  the  lever. 
There  is  then  no  distortion  of  the  curves,  the  curvilinear  motion 
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of  the  ordinary  lever  being  avoided.  The  smooth  fibres  are 
nearly  all  arranged  circularly. 

(a)  SporUometms  contractions  appear,  and  may  continue  for  a 
considerable  time — many  hours — but  they  vary  exceedingly  in 
every  respect,  strength,  shape  of  curve,  and  length  of  intervening 
intervals.  The  tracings  often  show  a  compound  rhythm,  but  its 
individual  tracings  are  not  maximal — i.e.,  smooth  muscle  has 
no  "  all  or  none  "  law  as  obtains  for  cardiac  muscle. 

(6)  Stimulate  with  single  induction  shock,  which  would  be 
effective  for  skeletal  muscle  =  no  contraction. 

(c)  Use  a  constant  current — make  shocks — keeping  the 
current  made,  say  \  sec. — slight  response.  If  the  current  be 
kept  closed  i  to  5  sees.,  the  shortening  will  be  greater. 

\d)  If  the  current  be  made  and  broken  very  rapidly  there 
may  be  no  response. 

(e)  Note  that,  during  the  passage  of  a  strong  galvanic  current, 
the  muscle  remains  contracted.  A  similar  result,  though  less 
marked,  occurs  in  skeletal  muscle  stimulated  by  a  galvanic 
current,  a  phenomena  more  marked  in  fatigued  muscle. 

(_/■)  In  the  above,  determine  latent  period  and  duration  of 
phases  of  contraction. 

(gr)  Try  to  produce  tetanus  with  slow  shocks. 

(K)  Heating  from  15°  to  30°  diminishes  the  size  and  increases 
the  frequency,  but  reduces  the  tonus,  while  cold  increases  the 
tonus. 

2.  (XiBophagus  of  toad.  —  Use  the  excised,  slit-up,  non-stretched 
oesophagus  of  a  toad,  which  consists  of  smooth  fibres  arranged  in  one 
direction,  and  record  its  spontaneous  contractions  when  weighted  with  3 
to  4  grms.  (Bottazzi  and  Oruribavm).  Both  ends  are  fixed  to  separate 
pieces  of  cork,  and  one  of  these  is  fixed  in  a  clamp,  the  other  being  attached 
to  a  recording  lever.  Record  the  spontaneous  automatic  beats,  the  effect 
of  load,  heat,  drugs,  &c. 

L.  Ranvier,  Lemons  d'Anat.  gin.  avir  le  ayst^me  muacvlaire,  Paris,  1880. 
See  Lemons  xxix.  and  xxx.  for  R.'s  experiments  on  frog's  stomach.  R. 
always  used  a  fasting  frog,  because  the  spontaneous  movements — systole, 
diastole,  pause — are  more  regular.  6.  H.  Cooke,  Action  of  Various 
Stimuli  on  Non-Striped  Muscle.  Studies  from  the  Physiol.  Lab.  of  Owens 
Cdlege,  1890.  Morgen,  HaUe  Untersuchungen,  1890.  H.  Winkler,  Pfliig. 
Arch.,  Ixxi.,  357,  1898.  P.  Schultz,  Arch.  f.  Anat.  v.  Phys.,  i  and  307, 
1897.  "  On  Plain  Muscle,"  Phil.  Bottazzi  and  O.  F.  P.  Griinbaum,  Joum. 
of  Phys.,  xxiv.,  51,  1899.  "  Contraction  of  Smooth  Muscle,"  R.  S.  Wood- 
worth,  Ajner.  Joum.  of  Phys.,  iii.,  26,  1899.  A.  Griitzner,  Pfilig.  Arch., 
Ixxxiii.,  187,  1901. 

3.  PolarstimulationofsmoothmuscleC'physioaP'and  "physiological" 
anode  and  kathode). 

Results  as  regards  contraction,  similar  to  those  obtained  with  skeletal 
muscle  (Lesson  XL VIII.,  7),  are  obtained  with  the  excised  ureter  of  a 
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rabbit  kept  warm  and  moist  by  being  placed  on  a  glass  slide  ovfer  a  beaker 
containing  hot  water. 

The  ejtposed  small  intestine  of  a  rabbit  just  killed  may  also  be  used. 
The  kathode  electrode  is  placed  on  an  indifferent  point — e.g.,  liver — and 
the  anode  on  the  intestine.  At  M  the  intestine  at  (  +  )  contracts  and 
remains  constricted  during  the  passage  of  the  current.  This  would  seem 
to  be  the  reverse  of  what  happens  with  the  ureter,  but  it  is  only  apparently 
so,  for  where  the  electrode  touches  the  peritoneum  of  the  intestine  is  not 
the  true  physiological  kathode  or  anode — i.e.,  where  the  current  leaves  or 
enters  the  muscular  coat— so  that  the  physical  ( + )  or  ( - )  is  not  at  the  same 
time  the  physiological  (  + )  or  ( -  ). 

{a)  Expose  the  small  intestine  of  a  rabbit  just  killed.  The  muscular 
coat  consists  of  two  layers  of  smooth  muscle — an  outer  longitudinal  and 
an  inner  circular.  Apply  one,  "  the  indifferent  electrode,"  over  the  liver, 
and  a  N.P.  electrode  connected  through  a  commutator  and  key  with  two 
cells  to  the  intestine.  Or  apply  two  N.P.  electrodes  to  the  intestine  at 
some  distance  apart.  Note  which  is  anode.  At  make  there  will  be 
apparently  a  strong  constriction  of  the  circular  coat,  which  is  propagated 
upwards  and  downwards,  and  a  longitudinal  contraction  at  the  kathode. 
This  seems  anomalous,  but  what  actually  occurs  is  that,  at  the  (+),  both 
coats  are  relaxed,  with  contraction  of  the  circular  coat  on  each  side,  while 
at  ( - )  there  is  contraction  of  both  coats. 

At  the  anode  the  current  leaves  the  tissue  by  a  series  of  virtual  kathodes, 
and  similarly  near  the  kathode  a  series  of  virtual  kathodes  (Lesson 
XLVIII). 

4.  Proteids  of  smooth  muscle. — These  may  be  obtained  in  the  same  way 
as  those  of  striped  muscle  by  extracting  with  saline  solutions,  5  per  cent. 
MgSOi,  &c.,  from  the  smooth  muscle  of  the  stomach  of  the  sheep  or  calf 
(Lesson  XIV.,  11)..  Migor  mortis  sets  in,  hut  post-mortem  acidity  is  slight. 
The  saline  extracts  contain  little,  if  any,  paramyosinogen  (Coag  T°  47  to 
50°),  but  much  myosinogen  (55°  to  65°).  (Munk,  also  Swale  Vincent  and 
Lewis,  Proc.  Phys.  Soc,  1901.) 

B.  Ciliary  motion. 

1.  Idlcroscopical. — (a)  Observe  under  the  microscope'  a  drop  of  hay  in- 
fusion containing  Pcvramcecium.  Note  the  character  of  the  movements  and 
the  cilia  on  the  surface  of  the  animal,  which  in  this  case  act  as  motor  organs. 


Fig.  233.— Gas  chamber  formaking  a  "hanging drop"  of  ciliated  organs  or  organisms, 
with  inlet  and  outlet  tubes  tor  passing  gases  or  vapour  through  the  chamber. 

(6)  Snip  off  a  fragment  of  the  gill  of  a  living  mussel  or  oyster,  separate 
slightly  the  bars  of  the  gill  with  needles,  place  it  on  the  under  surface  of  a 
cover-glass,  moisten  with  normal  saline,  and  insert  the  latter  over  a  circular 
cell  of  a  gas  chamber  (fig.  233),  so  as  to  form  a  "  hanging  drop  preparation." 
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Examine  with  a  low  power  ( x  lOo)  and  high  power  (  x  300).  Note  the 
movement  of  the  cilia  attached  to  the  cells  covering  the  bara  of  the  gills, 
the  resultant  movement  of  the  fluid,  and  the  onward  movement  of  any 
particles  suspended  in  the  fluid. 

(c)  Scrape  off  some  of  the  ciliated  epithelium  from  the  palatine  mucous 
membrane  of  a  frog,  and  examine  its  cilia  and  their  action. 

Ether. — Observe  the  efieot  of  a  trace  of  a  dilute  solution  of  chloroform, 
or  ether,  placed  on  the  floor  of  the  chamber.  Lift  off  the  cover-slip,  give 
time  for  the  narcotic  to  evaporate,  and  replace  cover- slip  in  gas  chamber. 
Do  the  cilia  resume  their  movements  ?  There  comes  in  here  the  relative 
toxicity  of  ether  and  chloroform  on  protoplasm. 

As  it  is  possible  to  narcotise  cilia — e.g.,  by  ether  and  chloroform — and  as 
they  may  resume  their  activity  after  ventilation,  it  is  important  to  deter- 
mine the  relative  toxicity  of  these  drugs.  Try  which  is  the  more  power- 
ful.    Try  the  effect  of  a  stream  of  COj. 

2.  Mechanical  effects. 

(a)  Destroy  the  brain  and  spinal  cord  of  a  frog.  Place  the 
frog  on  its  back  on  a  frog-plate.  Divide  the  lower  jaw  longi- 
tudinally, carrying  the  incision  through  pharynx  and  oesophagus 
and  right  along  the  stomach,  or  cut  off  the  lower  jaw  trans- 
versely as  far  back  as  possible.  Divide  skin  in  medium  plane  as 
far  as  pubes,  and  do  the  same  with  the  sternum,  xyphoid 
cartilage,  and  abdominal  walls.  Separate  the  cut  parts,  fix  them 
with  pins.  Dissect  out  stomach  and  oesophagus,  and  cut  off  the 
head  with  the  alimentary  organs  attached.  Open  oesophagus 
and  stomach  and  pin  them,  mucous  surface  upwards,  on  a  cork 
board.  Pin  back  flaps.  Moisten  the  mucous  membrane  with 
normal  saline. 

(V)  Place  a  small  cork  flag — or  piece  of  liver — on  the  mucous 
membrane  covering  the  palate  between  the  eyes.  It  will  be  car- 
ried backwards  by  ciliary  motion.  Repeat  the  experiment,  and 
determine  the  time  the  flag  takes  to  travel  a  given  distance. 
Note  that  it  does  not  pass  over  boundary  line  between 
oesophagus  and  stomach.  Why  ?  Does  it  move  over  surface 
of  stomach.     If  not,  why  not  ? 

(c)  Heat.     The  load  is  carried  faster. 

(d)  Grains  of  charcoal,  Berlin  blue,  or  a  straw  in  eesophagus  are  similarly  - 
carried  backwards. 

(e)  With  a  hot  wire  cauterise  superficially  a  small  area  of  the  mucous 
membrane  in  a  preparation  bestrewn  with  charcoal.  Ciliary  motion  stops 
not  only  at  the  cauterised  area,  but  also  in  a  triangular  area  whose  apex  is 
at  the  burned  point,  and  whose  base  is  next  the  oesophagus.  The  move- 
ments of  the  cilia  in  individual  cells  appear  to  be  independent  of  the 
movements  in  neighbouring  cells. 

(/)  Apparatus  for  study  of  ciliary  motion. — Omitting  the  Mimmeruhr 
and  Mtihle  of  Engelmann  (Pflug.  Arch.,  xv. ,  493,  1877),  ^^^  simplest  and 
most  instructive  experiment  is  that  easily  made  on  the  apparatus  of  Ranvier, 
shown   in  fig.  234.     (Ranvier,  Lemons  aur  le  syst^me  muscviaire,  Le9on 
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xxxii.,  Paris,  1880.)  The  palatal  mucous  membrane  is  carefully  removed 
and  pinned  to  a  cork,  ciliated  surface  uppermost.  As  shown,  this  surface 
rests  on  the  under  surface  of  a  glass  disc,  moving  on  a  vertical  axis  with  a 
horizontal  pointer  attached.  The  apparatus  is  placed  in  normal  saline. 
Study  the  eflfeotg  of  heat  and  cold  on  the  rate  of  movement  which  can  be 
read  off  on  the  index. 

ig)  Work  done  by  cilia. — As  in  (c),  remove  the  whole  extent  of  the  palate- 
oesophageal  mucous  membrane.  Pin  it,  mucous  surface  upwards,  on  a  frog- 
plate  (10  X  5  cm.),  with  long  axis  of  oesophagus  in  long  axis  of  plate. 

A  convenient  weight  is  made  from  sheet-lead,  i  mm.  in  thickness — pieces 
of  5  mm.,  3  mm.,  and  2  mm.  square  are  supplied.     Place  one  of  the  squares 

of    known  weight  on  the 

r:\\oUiWili3(i4ra7KT~^  palatine  raucous  membrane 

"^  near  the  oesophagus.    Note 

if  the  weight  moves.     If  it 

'      does  so,  incline  the  plate 

by  resting  it  on  a  block  of 

wood  (S  cm.  X  5  cm.),  but 

keep  the  oesophageal  end 

of  the  mucous  membrane 

at  the  base.  Find  the  angle 

Fig.    234.-Eanvier'B   apparatus   for  measuring  the    at  which  the  lead  weight  is 
Telocity  of  movement  of  cilia,  made  by  Verdin.         carried upwaMs — i.e.,  from 

palate  towards  stomach. 
Note  rate  of  progress  of  lead  weight  upwards.  Vary  the  incline  of  the 
plate,  and  therefore  of  the  ciliated  membrane,  by  altering  its  angle  in 
relation  to  the  wood  block.  Vary  the  weight,  and  ascertain  which  is 
carried  up  more  rapidly  at  a  given  angle. 

Under  certain  conditions  the  lead  weight  is  carried  up  the  inclined 
plane.  Ascertain  distance  travelled  per  minute  with  a  given  incline,  and 
with  a  millimetre  rule  ascertain  the  actual  height  (A).  The  actual  work 
done  is  expressed  by  the  formula,  W  (work  done)  =  w  (weight  lifted)  +  h 
(height  in  millimetres) — i.e.,  W  =  to  x  h  =  work  in  milligram-millimetres. 

C.  Chemotaxis  indicates  "  that  property  of  organisms  that  are 
endowed  with  the  capacity  of  active  movement,  by  which,  under 
the  influence  of  chemical  stimuli  acting  unilaterally,  they  move 
toward  or  away  from  the  source  of  the  stimulus.  Where  there 
is  an  approach  to  the  source  of  the  stimulus,  there  is  positive 
chemotaxis ;  where  there  is  a  removal  from  the  source,  negative 
chemotaxis  "  (M.  Verwom). 

It  is  a  phenomenon  manifested  by  many  bacteria,  leucocytes, 
swarm  spores,  and  many  infusoria. 

1.  Paramseoium — e.g.,  aureUa  or  caudatum.  The  recent  investigations 
of  Verwom  and  his  pupils,  H.  S.  Jennings,  and  others,  have  given  us 
simple  methods  of  studying  this  phenomenon  in  ciliated  infusoria. 

(a)  Paramsecia  are  placed  upon  a  glass  slide  and  covered  with  a  long 
cover-glass,  supported  near  its  two  ends  by  bits  of  capillary  glass-tubing ; 
a  pretty  thick  layer  of  water  containing  the  parameeoia  lies  between  the 
slide  and  the  cover,  so  that  the  animals  can  swim  about  freely  (flg.  235). 
Observe  how  paramseoium  swims  nearly  straight  forward  in  a  slightly 
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sinuous  course,  the  narrower,  blunter  end  directed  forwards.     At  the  same 
time  it  revolves  on  its  long  axis. 


Fig.  23s.— ParamsB^a.    How  to  apply  a  fluid  from  a  pipette  (Jennings). 

(b)  Introduce  beneath  the  cover-glass— by  means  of  a  pipette  drawn  out 
into  a  capillary  tube — a  drop  of  any  solution  towards  which  the  method  of 
reaction  is  to  be  tested— e.g'.,  a.  dilute  acid,  -yV  P-o.  acetic  acid.  At  once 
the  paramaeoia  react  in  a  characteristic  manner,  and  gather  in  a  dense 
swarm  within  the  drop  (fig.  236) — i.e.,  they  are  positively  chemotatic  to 
feeble  acids. 


.     '  \   '      «      '       '    • 


Tig.  236.— Paramsecia  gathered  round  a 
drop  of  HjSO,  (y^Tf  p.c.)  (Jennings). 


Fig.  237.— ParamsBola.  Preparation  into 
which  was  Introdnced  10  mins.  before 
a  drop  of  ths  P-o-  NajCOj  (Jennings). 


(c)  In  a  fresh  preparation  introduce  a  weak  solution  of  sodium  carbonate, 
or  i  p.c.  NaCl  solution,  or  rh  V-"-  NaHO ;  the  drop  remains  entirely 
empty — negative  chemotaxis  (fig.  237). 

D.  Galvanotaxis.  —  The  galvanic  current,  as  already  shown, 
causes  polar  excitation.  Hermann,  in  1885,  showed  the  direc- 
tive effect  on  tadpoles,  which  turned  their  heads  towards  the 
anode  and  their  tails  towards  the  kathode,  their  long  axis  being 
parallel  to  the  curved  lines  of  flow  of  a  galvanic  current  passed 
through  the  fluid  in  which  they  were  placed.  Use  paramsecium, 
as  for  chemotaxis. 

1.  Make  a  stirmtlation ■  trough  as  follows: — Cement,  parallel  to  one 
another  and  about  i  cm.  apart,  two  oblong  strips  of  unbaked  earthenware 
— such  as  is  used  for  the  porous  cell  of  a  battery — to  a  large  glass  slide  by 
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means  of  sealing  wax.  Complete  the  side  walls  with  sealing  wax  (fig.  238). 
Depth  of  cell,  about  i  mm.  Apply  N.P.  electrodes — fixed  in  suitable 
holders — to  touch  the  porcelain  slips.  Soak  the  apparatus"in  the  fluid  to 
be  experimented  in  before  it  is  used. 


Fig.  238.- 


-Galvanotaxis  of  Faramsecium.    Arrow  indicates  direction  in  which  they 
swim.    Microscopic  picture  (Verwom). 


2.  Place  paramsecia  in  the  trough,  pass  a  constant  current  through  the 
fluid,  placing  commutator  in  the  circuit  to  change  the  poles.  Observe  the 
effects  (fig.  239). 


Fig.  239. — Stimulation  trough  for  Galvanotaxis  of  Faramsecia,  and  how  electrodes 
are  applied.    Naked  eye  appearance  iVerworn). 
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"At  closure  the  paramsecia  turn  altogether  at  the  word  of  command, 
with  the  anterior  pole  of  the  body  towards  the  negative  electrode,  and 
swim  in  this  direction  with  uniform  speed "  {M.  Verwom).  If  the 
animals  are  killed  by  chloroform,  no  such  result  occurs,  so  that  the  living 
state  is  essential  to  this  phenomenon.  The  effect  of  the  constant  current 
on  the  direction  of  the  head  of  tadpoles,  or  on  any  other  organisms,  may 
be  tried. 

3.  Infusoria  from  frog. — As  is  well  known,  many  free,  swimming, 
ciliated  infusoria  live  in  the  frog's  intestine.  Dale  has  experimented  with 
these.  Select  the  contents  of  the  rectum,  and  numerous  examples  of 
Opalina  ranourwm  are  sure  to  be  found.  Compare  its  behaviour  with 
Faramsecium. 

4.  Similar  results  were  obtained  by  O.  Carlgren  with  the  composite 
V<^vox  aureus,  in  which  the  several  individuals  are  held  together  by 
"  protoplasmic  jelly." 

E.  Thermotazis. — Place  paramsecia  in  a  trough  (lo  cm.  x  i  cm.).  Heat 
one  end  to  28°  C.  They  move  towards  the  cooler  side  (Mendelssohn, 
Pfiilger's  Arch.,  Ix.,  1895). 

"  Studies  on  Reactions  to  Stimuli  of  Unicellular  Organisms,"  by  H.  S. 
Jennings — Joum.  of  Physiology,  xxi. ,  258,  1897 ;  American  Jo/mm.  of 
Phys.,  ii.,  311  (1899)  et  seq.  In  same  journal,  see  Loch.  O.  Carlgren, 
Arch,  f  Anat.  u.  Phys.  (Phys.  Abth.),  1899,  465,  1900.  Boris  BirukofF, 
Pfiiig.  Arch.,  Ixxvii.,  555,  1899.  "Galvanotaxis  and  Chemotaxis  of  Ciliate 
Infusoria,"  by  H.  H.  Dale — Jowm.  of  Phys.,  xxvi.,  291,  1901. 
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PROG'S  HEART— HEAT  AND  COLD— SECTION  OP 
HEART— GRAPHIC  RECORD  OP  BEAT. 

1.  Heart  of  frog.    Expose  it. 

(a)  Pith  a  frog ;  lay  it  on  its  back  and  pin  out  its  legs  on  a 
^  frog-plate.  Make  a  median  incision  through  the  skin  over  the 
sternum ;  continue  the  incision  upwards  and  downwards,  and 
from  the  middle  of  the  sternum  make  transverse  incisions. 

(6)  Reflect  the  four  flaps  of  skin,  raise  the  episternum,  and 
out  through  the  sternal  cartilage  just  above  its  lower  end,  to 
avoid  wounding  the  epigastric  vein.  With  a  pair  of  scissors 
remove  the  sternum,  and  divide  it  above.  Do  not  injure  the 
heart.  Observe  it  beating  within  its  transparent,  glistening 
pericardium. 

(c)  "With  fine  forceps  carefully  lift  up  the  thin  transparent 
pericardium ;  open  it,  thus  exposing  the  heart. 

2.  Frog's  heart. 

(a)  Observe  its  shape,  noting  the  two  auricles  above  (fig.  240, 
Ad,  As),  and  the  blunt  conical  apex  of  the  single  ventricle 
below,  V,  the  'auricles  being  mapped  off  from  the  ventricle  by  a 
groove — auriculo-ventriculat" — which  runs  obliquely  across  its 
anterior  aspect.  The  ventricle  is  continued  anteriorly  into  the 
bulbus  aortse,  B,  which  projects  in  front  of  the  right  auricle, 
passing  across  the  auricles  from  below  upwards,  and  from  right 
to  left,  and  then  divides  into  two  aortse — right  and  left — the 
left  being  the  larger.  Each  trunk  is  divided  by  two  longitudinal 
septa  into  three  channels,  which  soon  become  independent  as 
three  arteries : — 

(i)  Most  anterior,  Ductus  caroticus  (fig.  240). 

(2)  Middle,  D.  (wrticus,  passes  on  each  side  to  form  the 
aorta  (2). 


LIII.J 


frog's  heart. 


361 


(3)  Posterior,  D.  pulmo-cutaneus,  which  gives  oflF  the  pul- 
monary artery  and  a  large  cutaneous  artery.  Note  how  in  this 
way  the  skin  of  the  frog  forms  an  important  respiratory  organ. 

(6)  Tilt  up  the  ventricle,  and  observe  the  sinus  venosus  (fig. 
241,  s.v.)  continuous  with  the  right  auricle,  and  formed  by  the 
junction  of  the  large  inferior  vena  cava,  c.t.,  and  the  two 
(smaller)  superior  venee  cavae,  cs.s,  c.s.d.  The  freenum  is  seen 
as  a  fine  thread  containing  a  vein  ;  divide  it.  Observe  a  white 
transverse  crescentic  line,  "  crescent,"  where  the  S.V.  joins  the 
left  auricle — the  site  of  Remak's  ganglion. 

3.  Note  the  sequence  and  course  of  contraction  of  the  several 
parts — viz.,  sinus  venosus  {s.v.),  auricles  {As),  ventricle  (v.),  and 
bulbus  arteriosus. 


c.s.d. 


Fig.  240.— Frog's  heart 
from  the  front,  v.  Single 
ventricle ;  Ad,  As,  Kight 
and  left  auricles;  B, 
Bulhus  arteriosus ;  s , 
Carotid ;  2,  Aorta ;  3, 
Pulmo-cutaneous  arte- 
ries ;  C,  Carotid  gland. 


Fig,  241, — Heart  of  frog  from  behind, 
8.V.,  Sinus  venosus  opened ;  c.i.,  In- 
ferior, c.s.d.,  C.S.8,,  Sight  and  left 
superior  vense  cavse ;  v.p.,  Pulmonary 
vein;  Ad,  and  As,  Right  and  left 
auricles;  Ap,  Communication  be- 
tween the  right  and  left  auricle. 


This  sequence  of  events  is  diflBcult  to  note,  but  what  can  be 
easily  observed  is  the  relative  condition  of  vascularity  of  the 
ventricle.  The  frog's  ventricle  has  no  blood-vessels  supplying 
its  muscular  walls.  When  it  is  at  rest  it  is  soft,  but  when  it 
beats  it  becomes  hard.  Note  that  during  systole  of  the  ventricle 
— i.e.,  during  its  contraction — it  becomes  pale,  the  blood  being 
driven  out  of  its  spongy  and  elegantly-arranged  system  of 
muscular  fibres,  which  are  pale  in  colour ;  and  immediately 
thereafter,  during  its  diastole,  it  is  suddenly  distended  with 
blood  and  has  a  red  appearance,  the  blood  flowing  into  it  being 
propelled  quickly  by  the  contracting  auricles.  Notice  also  how 
the  position  of  the  auriculo-ventricular  groove  moves  upwards 
and  downwards  during  each  cardiac  cycle. 
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Note  the  rate — i.e.,  the  number  of  beats  per  minute — by 
timing  it  with  a  stop-watch.  The  rate  varies  greatly  in  different 
frogs,  20  to  80  per  minute. 

4.  Effect  of  temperature  (Heart  in  situ). — (a)  With  a  pipette 
drop  normal  saline  at  20°  to  25°  0.  on  the  heart,  and  note 
increase  in  number  of  beats,  and  that  each  individual  beat 
is  quicker. 

(6)  Apply  normal  saline  at  10°  0.  or  5°  C.  Note  the  slowing 
of  fate  or  rhythm,  with  slower  contraction  of  each  beat. 

5.  Excised  heart  beats. — (a)  With  a  seeker  tilt  up  the  apex 
of- the  ventricle,  and  observe  that  a  fine  thread  or  "frsenum" 
passes  from  the  pericardium  to  the  posterior  aspect  of  the 
ventricle.  Divide  it.  Tie  a  fine  silk  thread  round  the  frsenum 
dorsal  to  the  ligature.  Count  the  number  of  beats  per  minute. 
Enter  in  note-book.  By  means  of  the  silk  thread  raise  the 
heart  as  a  whole,  and  with  a  sharp  pair  of  scissors  cut  out  the 
heart  by  dividing  the  inferior  vena  cava,  the  two  superior  vense 
cavae,  and  the  two  aortse.  Place  the  excised  heart  in  a  watch- 
glass,  and  cover  it  with  another  watch-glass. 

(b)  The  heart  continues  to  beat.  Count  the  number  of  beats 
per  minute.  Enter  in  note-book.  Therefore  its  beat  is  auto- 
matic, and  the  heart  contains  within  itself  the  mechanism  for  its 
rhythmical  beats. 

(c)  Place  the  heart  on  a  glass  slide ;  during  diastole  it  is  soft 
and  fiaccid,  and  adjusts  itself  to  any  surface  it  may  rest  on. 
During  systole — i.e.,  when  it  contracts — its  apex  is  raised  and 
erected,  and  the  heart  muscle  becomes  hard. 

6.  Heat  and  cold  on  excised  heart. — (a)  Place  the  watch-glass 
containing  the  beating  heart  on  the  palm  of  the  hand  ;  the  heart 
beats  faster ;  or  on  a  beaker  of  warm  water,  which  must  not  be 
above  40°  0.,  as  the  temperature  of  the  heart  rises,  it  beats  faster 
— there  are  more  beats  per  minute — therefore  each  single  beat  is 
faster. 

(6)  Place  the  watch-glass  and  heart  over  a  beaker  of  iced 
water,  the  number  of  beats  diminishes,  each  beat  being  executed 
more  slowly  and  sluggishly.     Enter  all  results  in  note-book. 

7.  Section  of  heart. — (a)  Expose  a  heart,  divide  the  peri- 
cardium, and  ligature  the  frsenum,  and  by  means  of  it  gently 
raise  the  heart.  Excise  the  whole  heart,  including  the  S.Y. 
The  heart  still  beats. 

(h)  Cut  off  the  heart  from  the  ainus ;  the  latter  continues  to 
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beat.      The  rest  of  the  heart  ceases  to  beat  for  a  time,  but 
by-and-by  it  commences  to  beat  rhythmically. 

(c)  Sever  the  auricles  from  the  ventricle;  the  V  ceases  to 
beat.  The  V,  however,  has  not  lost  the  power  of  beating 
rhythmically.  Prove  this  by  stimulating  it  mechanically — e.g., 
prick  it  with  a  needle.  After  an  appreciable  latent  period,  it 
executes  one — generally  several — beats,  and  then  is  quiescent. 
Stimulate  with  a  single  induction  shock,  it  discharges  one  or 
more  beats. 

(d)  Cut  off  the  apex  of  the  ventricle ;  it  remains  quiescent ; 
but  if  it  be  stimulated,  either  mechanically  or  electrically,  it 
makes  a  single  beat — not  a  series,  as  in  the  case  of  (c). 

(e)  Divide  the  V  of  another  heart  below  the  auriculo- 
ventricular  groove.  The  As,  with  the  upper  part  of  the  V 
attached,  continue  to  beat,  while  the  lower  two-thirds  cease  to 
beat  spontaneously.  Pricked  with  a  needle,  the  detached  part 
contracts  as  often  as  it  is  thus  stimulated.  It  responds  by  a 
single  contraction  to  a  single  stimulus,  but  a  single  stimulus 
does  not  excite  a  series  of  rhythmical  contractions. 

{/)  With  scissors  divide  longitudinally  the  auricles  with  the 
attached  portion  of  the  ventricle.  Each  half  contracts  spon- 
taneously, although  the  rhythm  may  not  be  the  same  in  both. 

Record  in  your  note-book  the  result  of  your  observations  on 
rate  and  sequence  of  beat  of  heart,  opening  pericardium,  excising 
heart,  section  of  heart. 


Time. 

Observation. 

Kate  of  Heart-beat 
and  of  S.A.V. 

8.  Isolated  apex — Bernstein's  experiment. — (o)  Instead  of 
cutting,  one  may  use  a  ligature,  or  the  heart  apex  may  be 
separated  by  Bernstein's  method — viz.,  compress  the  heart  half- 
way between  base  and  apex  by  forceps,  or  ligature  sufficiently 
lightly  to  break  the  physiological  continuity  but  not  the  physical, 
both  parts  remaining  connected  with  each  other.  Remove  liga- 
ture. In  a  pulsating  heart,  all  pulsates  except  the  isolated 
apex. 

(b)  The  apex  remains  red,  quiescent,  and  filled  with  blood. 
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while  the  rest  of  the  ventricle  pales  during  systole.  If  the 
bulhus  aortee  be  compressed  with  forceps  so  as  to  raise  the 
pressure  within  the  apex,  the  apex  also  beats.  This  is  an  im- 
portant experiment  in  its  bearing  on  the  theory  of  cardiac  action. 

(c)  Mechanical  stimulus. — Touch  the  isolated  apex  with  the 
point  of  a  pin.  It  gives  a  single  beat  on  response,  but  after  an 
appreciable  latent  period. 

(d)  Chemical  stimulus. — Place  a  crystal  of  NaOl  on  the  apex  j 
it  pulsates  rhythmically. 

9.  Movements  of  heart. — Expose  the  heart  of  a  freshly-pithed 
frog,  or  destroy  only  the  brain  and  curarise  lightly.     Observe 

(o)  That  the  auricles  contract  synchronously  and  force  their 
blood  into  the  ventricle,  which,  from  being  pale  and  flaccid, 
becomes  red,  turgid,  and  distended  with  blood. 

(5)  Immediately  thereafter  the  ventricle  suddenly  contracts, 
and  forces  the  blood  into  the  bulbus  aortse,  at  the  same  time 
becoming  pale,  while  its  apex  is  tilted  forwards  and  upwards. 
As  the  auricles  continue  to  fill  during  the  systole  of  the  ventricle, 
on  superficial  observation  it  might  seem  as  if  the  blood  were 
driven  to  and  fro  between  the  auricles  and  ventricles,  but  care- 
ful observation  will  soon  satisfy  one  that  this  is  not  the  case. 
Observe  how  the  position  of  the  auriculo-ventricular  groove 
varies  during  the  several  phases  of  cardiac  activity. 

(c)  The  slight  contraction  of  the  bulbus  aortae  immediately 
following  the  ventricular  systole. 

(d)  The  diastolic  phase  or  pause  when  the  whole  heart  is  at 
rest  before  the  auricles  begin  to  contract.  Ligature  the  frsenum 
and  divide  it,  gently  raise  up  the  ventricle  by  the  ligature 
attached  to  the  frsenum,  and  observe  the  sinus  venosus. 

(e)  The  peristaltic  wave,  or  wave  of  contraction,  begins  at  the 
Upper  end  of  the  vena  cava  inferior  and  sinus  venosus ;  it  extends 
to  the  auricles,  which  contract,  then  comes  the  ventricular  systole 
and  that  of  the  bulbus  aortse,  and  finally  the  pause ;  when  the 
whole  sequence  of  events  begins  again  with  the  systole  of  the 
sinus. 

(/)  Before  the  ventricular  systole  is  complete  the  sinus  is 
full,  while  the  auricles  are  filling. 

All  this  is  easier  to  describe  than  to  observe,  and  it  requires 
patient  and  intelligent  observation  to  assure  one's  self  of  the  suc- 
cession of  events. 

10.  Heart  currents.— Lay  the  nerve  of  a  N.M.  preparation  along  the 
beating  heart — ^pericardium  removed — from  base  to  apex.  Observe  a 
secondary  twitch  in  the  muscle  with  each  heart-beat,     (Lesson  XL VII. ) 
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Some  inferences. — The  foregoing  experiments  clearly  show 
,that  the  rhythmical  beat  of  the  heart  is  not  dependent  on  stimuli 
reaching  it  along  the  nerve  paths,  or  on  the  presence  of  blood. 
It  contains  in  its  own  walls  the  secret  of  its  rhythm.  The  rhythm 
may  be  due  to  (i)  an  independent  inherent  rhythmical  property 
of  its  muscular  fibres,  or  (2)  rhythmical  discharges  from  some  of 
its  nerve  cells,  which  are  abundant  in  certain  regions  of  the 
heart.  The  ventricular  apex  is  devoid  of  nerve  cells,  and  under 
certain  conditions  it  does  beat  rhythmically.  This  observation 
is  more  easily  made  on  the  heart  of  the  tortoise.  Other  obser- 
vations support  the  theory  of  inherent  rhythmical  qualities  of 
the  heart  muscle.  In  the  embryonic  beat  rhythm  occurs  before 
it  contains  nerve  cells.  A  heart  poisoned  with  nicotine,  which 
is  said  to  paralyse  nerve  cells,  still  beats  spontaneously.  The 
severed  apex  beats  under  a  certain  internal  pressure. 

But  it  is  also  obvious  that  the  several  parts  of  the  heart  are 
not  equally  endued  with  rhythmical  properties.  It  is  greatest 
in  the  sinus  venosus,  and  roughly  there  is  a  descending  scale 
from  S.  V.  to  ventricle,  and  it  is  least  in  the  ventricle  apex  j 
Bernstein's  experiment,  however,  seems  to  indicate  that  a 
constant  stimulus — in  this  case  raised'  intra-cardiac  pressure — 
may  cause  rhythmical  contractions  in  an  organ  habituated  to 
rhythmical  discharges. 

11.  Graphic  record  of  beat  (direct  registration  with  lever) — 
Figs.  242,  243. — (a)  Destroy  the  brain  only ;  curarise ;  expose 
heart,  still  within  its  pericardium,  and  arrange  a  heart-lever  to 
rest  lightly  on  the  pericardium  over  the  heart.  Adjust  the  lever 
to  write  on  a  revolving  cylinder,  moving  at  the  rate  of  5  to  6  cm. 
per  sec.     Take  a  tracing. 


Fig.  242.— Simple  frog's  heart-lever,    a,  Fnlcnun ;  L,  Glass  lever  with  knob  to  act  as 
counterpoise ;  &,  To  fix  into  the  cork  of  a  frog-plate ;  C,  cork  to  rest  on  the  heart. 

(6)  An  isotonic  heart-lever  may  be  made  with  a  straw  about  12  inches 
long,  or  a  thin  strip  of  wood  about  the  same  length.  Thrust  a  needle 
transversely  either  through  the  straw  or  through  a  piece  of  cork  slipped 
over  the  straw  about  2  inches  from  one  end  of  the  lever.  The  needle  forms 
the  fulcrum  of  the  lever,  and  works  in  bearings,  whose  height  can  be 
adjusted.  To  the  end  of  the  lever  nearest  this  is  attached,  at  right  angles, 
a  needle  with  a,  small  piece  of  cork  on  its  free  end.     The  lever  is  so 
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adjusted  that  the  cork  on  the  needle  rests  on  the  heart.  The  long  arm  of 
the  lever  is  provided  with  a  writing-style  of  copper-foil,  or  a  writing  point 
made  of  parchment  paper,  fixed  to  it  with  sealing-wax.  By  using  a  long 
lever  a  sufficient  excursion  is  obtained.  Another  form  of  heart-lever  is 
shown  in  fig.  242.  It  consists  of  a  thin  glass  rod,  fixed  as  shown  in  the 
figure.  The  frog  is  laid  on  its  back  on  a  frog  plate  covered  with  cork.  The 
heart-lever  is  fixed  into  the  cork  by  means  of  the  two  pins,  b,  while  C  is  so 
adjusted  as  to  rest  on  the  heart. 


Fig.  243. — ^Lever  resting  on  frog's  exposed  heart,  direct  registration  (made  by  Verdin). 
A,  Thin  sheet  of  caoutchouc. 

1 2.  Excised  heart  {Ootch's  a/rrangemeni). — ^By  this  method  all  the  parts 
are  fixed  to  a  T-pieoe  which  is  clamped  in  a  stand,  so  that  all  the  apparatus, 
collectively  and  individually,  can  be  easily  adjusted  (fig.  244). 

Suspend  an  excised  heart  W  clamp-forceps,  P,  to  a  horizontal  rod 
attached  to  a  T-pieoe,  T.P.  On  the  T-pieoe  is  a  cork  into  which  the 
electrodes  are  fixed,  while  the  heart  pulls  on  a  counterpoised  lever. 
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We  can  show  (l)  with  a  Stannius  heart  (i.)  the  latent  period  of  cardiac 
muscle  or  cardiac  delay,  (ii.)  the  delay  of  transmission  of  an  impulse  from 
A  to  V  in  the  groove ;  (2)  with  a  beating  heart,  the  refractory  period, 
rhjrthm,  inhibition  from  the  sinus  (crescent),  effect  of  atropin,  muscarin,  &c. 


Fig.  244.— Gotch's  arrangement  for  ercieed  heart.    All  parts  are  fixed  on  one  T-Piece, 
T.P.    f",  Clamp-forceps  for  heart ;  C,  Cork ;  L,  Lever. 


1 3.  Place  a  frog  on  a  orank-myograph,  attach  the  apex  of  the  heart  still 
in  situ  to  a  very  light  crank-lever  and  record  its  movements. 


Fig.  245. — Auricular  and  ventricular  lever  for  the  heart  of  a  tortoise  {Verdin). 

14.  In  order  to  record  simultaneously  the  contractions  of  As  and  V, 
and  to  study  the  relations  of  these  events  one  to  the  other,  a  lever  must  be 
placed  on  the  As  and  another  on  the  V,  and  the  points  of  both  must  be 
arranged  so  that  the  one  writes  directly  over  the  other  as  shown  in  fig. 
245,  in  the  heart  of  a  turtle  or  tortoise. 
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Pig.  246.— Cowl's  frog-holder  is  convenient  vheu  a  delicate  dissection  hag  to  be  made. 
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StrSPENSION   METHODS   FOR    HEART— GASKELL'S 
HEART -LEVER  AND   CLAMP. 

1.  Gaskell's  heart-lever  (Suspension  method). 

(a)  This  lever  is  very  convenient  (fig.  247).  Expose  the  heart 
of  a  pithed  frog,  ligature  and  divide  the  frsenum,  tie  a  fine  silk 
thread,  moistened  with  normal  saline,  to  the  tip  of  the  apex  of 
the  ventricle,  and  attach  the  thread  to  the  writing-lever  placed 
above  it,  or  pass  a  bent  pin  as  a  hook  through  the  apex  of  the 
ventricle.     The    lever  is 

kept  in  position  by  a  thin 
thread  of  elastic  or  weak 
spiral  spring  (fig.  249), 
which  raises  the  lever 
after  the  contraction  of 
the  heart  has  depressed 
it.  Adjust  the  tension 
to  get  the  maximum 
excursion  of  the  lever; 
the  latter  must  be  hori- 
zontal. 

(b)  Record  on  a  slow 
drum.  The  contraction, 
of  course,  is  recorded 
downwards.  The  writing- 
style  must  have  a  parch- 
ment paper  point  tipped 
with  a  glass  filament,  as 
described  by  Bayliss 
(p.  376).  The  pressure 
must  ije  accurately  ad- 
justed to  get  the  maximum  excursion  of  the  lever, 
in  seconds. 

(c)  First  the  sinus  contracts,  but  this  may  not  be  obvious ; 
then  the  auricles  contract  and  pull  down  the  lever  slightly,  then 
the  greater  contraction  of  the  ventricle  pulls  the  lever  down 
lurther,  and  when  the  ventricle  relaxes,  the  lever  is  raised  by 

24 


Fig.  247.— Frog  heart  lever.    Gaskell's  suspension 
method. 


Record  time 
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the  elastic  thread.     Fig.  248  shows  tracing  obtained  when  the 
heart  is  free,  full  of  blood,  and  no  clamp  is  applied. 


•<2^ 


Fig.  248.— Tracing  of  a  frog's  heart  taken  witli  apparatus  shown  in  flg.  247.    H,  Heart- 
tracing  ;  T,  Time  in  seconds.    (Compare  with  flg.  253.) 

By  this  method,  also,  the  effect  of  heat,  cold,  drngs  on  the 
heart  can  be  ascertained. 

If  it  is  desired  to 
ascertain  the  action  of 
a  drug  on  the  heart 
by  this  method,  make 
a  snip  in  the  heart  so 
that  the  blood  may 
flow  out  and  the  drug 
act  directly  on  the 
cardiac  muscle, 

2.  Varying  speed  of 
drum  with  effect  of 
temperature. 

(o)  With  Gaskell's 
lever  or  method  record 
the  beats  with  varying  speed  of  drum,  marking  time  in  seconds 
in  each  case  (fig.  250). 

(6)  Effect  of  temperatwre  on  the  rate  of  beat  and  form  of 
heart  curve  may  be  determined  by  applying  normal  saline  or 
diluted  blood  (sheep's  blood  i,  normal  saline  4),  say  at  0°,  15°, 
and  30°  C,  directly  to  the  heart  (fig.  251). 

Allow  either  of  these  fluids  or  Kinger's  fluid  at  the  desired 
temperature  to  flow  on  the  heart  from  a  pipette  with  capillary 
point.  In  this  way  the  ventricle  may  be  heated  without 
affecting  the  S.V.  or  As.     Use  a  slow  drum. 

The  effect  of  heat  applied  to  S.V.,  As,  or  V  by  the  pipette 
method  shows  that — 


Fig.  249, — Frog  heart'lever,  with  spiral  spring 
tension. 
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(i.)  Heat  localised  to  S.V.  aflFects  the  rhythm  more  than  the 
character  of  each  beat. 

(ii.)  "While  temperature  variations  of  V  affect  rather  force 
and  character  of  the  beat,  and  to  a  less  extent  the  rhythm. 


Fig.  250. — Shows  how  heart  curve  varies 
with  rate  of  drum.  In  i,  2, 3,  r=time 
in  seconds.  Gaakell's  lever.  Bead 
tracing  from  above  downwards. 


Fig.  251.—  Shows  the  effect  of  normal 
saline  directly  applied  to  the  heart  (at  0°, 
15'',  and  30^  C.)  T.  time  in  seconds. 
Oaskell's  lever.    Bead  from  above  down_j 


3.  Suspension  method  (fulcrum  of  lever  between  power  and 
weight). — A  light  straw  recording-lever  working  on  a  horizontal 
axis  may  be  used.  The  lever  is  placed  above  the  heart,  and  the 
latter  is  attached  to  one  end  of  the  lever  by  a  bent,  thin, 
metallic  hook  thrust  through  the  apex  of  the  heart,  or  by  a 
thread  tied  to  the  tip  of  the  ventricle.  The  power  is  thus  at 
one  end  the  fulcrum  or  axis,  and  between  it  and  the  recording 
end  of  the  lever,  which  is  weighted  near  the  axis,  suppose  the 
relative  lengths  of  the  arms  to  be  3  cm.  and  18  cm.,  then  the 
magnification  is  6  times. 

Attach  the  frog's  heart  by  the  lever  of  the  cardiograph 
(fig.  252)  and  record  a  tracing  on  a  slow  drum,  i  cm.  per  second, 
and  also  record  a  time  tracing  of  4  or  8  vibrations  per  second 
(fig,  253).     Vary  rate  of  drum,     Tn  this  case,  of  course,  the 
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ascent  of  the  lever  is  due  to  contraction  of  a  part  of  the  heart, 
and  the  curve  is  read  from  below  upwards. 


rig.  252.— Frog's  cardiograph. 


(a)  Record  the  heart-beats  of  a  vigorous  frog,  with  the  brain 
only  destroyed,  so  that  the  heart  is  well  filled  with  blood.  Four 
more  or  less  marked  undulations  may  be  seen  on  the  ascent  in 
the  curve  of  each  cardiac  cycle,  indicating  (i.)  contraction  of 


Kg.  253.— Effect  of  cold,  0,  C,  and  heat,  E,  on  frog's  heart.     Read  from  below  upwards. 
Recorded  with  lever  like  flg.  252.    Time,  o's  second  {Stirling). 

S.V.,  perhaps  followed  by  a  short  descent ;  then  (ii.)  contraction 
of  the  auricles,  followed  by  a  slight  descent  due  to  their  relaxa- 
tion ;  then  (iii.)  contraction  or  systole  of  the  ventricle,  at  first 
rapid,  and  then  (iv.)  slower  at  the  latter  part  of  its  systole,  as 
the  ventricle  at  that  time  contracts  against  greater  resistance. 
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These  effects  are  fairly  well  shown  in  the  first  part  left  end  of 
fig.  253,  before  the  application  of  cold.  The  one  phase  gradually 
merges  into  the  other.  Fig.  254  shows  the  same  effect  with 
the  S.V.  record  absent.  Notice  the  long  oblique  systolic  plateau 
at  the  upper  part  of  the  curve,  as  the  ventricle  has  now  got 
up  pressure  and  is  emptying  its  contents  against  the  increased 
resistance  in  the  arterial  system. 


<\i\i\)VW\ 
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Fig.  254.— Keoord  of  frog's  heart-beat  (lever  of  first  order).    Bead  each  beat  from 
below  up.    T^per  curve  quickened  speed  of  drum  (^Stirliv^)- 

(6)  Effect  of  snip  in  heart. — This  flatter  part  of  the  systolic 
plateau  disappears  if  both  aortse  are  out,  or  if  a  snip  is  made 
into  the  S.V.  or  As  to  allow  the  blood  to  escape  (fig.  255). 


Fig.  2SS-— Tracing  frog's  heart.  Bead  each  beat  from  below  upwards.  Notice  in  i,  at 
apex,  oblique  form  of  systolic  plateau,  which  disappears  (2)  when  snip  is  made  in 
heart  to  allow  blood  to  escape.  In  these  curves  the  ascent  represents  systole  and 
the  descent  diastole  (Stirling). 
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Transmission  of  wave  of  excitation  from  As  to  V.— The  wave 
of  contraction  sweeps  over  the  heart  from  S.V.  to  As,  and  As 
to  V.  As  it  passes  from  As  to  V  there  is  a  distinct  delay — 
" auriculo- ventricular  interval" — as  if  its  progress  were  im- 
peded by  a  "block,"  and  then  the  wave  reaches  the  V.  If  a 
greater  obstacle  or  block  be  placed  between  the  As  and  V  in 
the  auriculo- ventricular  groove,  then  the  delay  will  be  increased, 
and  the  excitation  wave  may  or  may  not  pass.  The  As  may 
beat  at  one  rate,  and  the  V  at  another,  just  as  the  excitation 
wave  can  overcome  the  block.  A  mechanical  "  block  "  of  greater 
or  less  resistance  can  be  introduced  by  the  use  of  Gaskell's 
clamp. 

4.  Gaskell's  frog  heart  clamp  is  shown  in  its  actual  size  in 
Fig.  256.  By  it  the  heart,  recording  by  a  suspension  method, 
can  be  clamped  at  the  auriculo-ventricular  groove.  The  ap- 
paratus can  be  fixed  in  any  suitable  stand.  By  turning  the 
milled  head  a  sliding  piece  is  gradually  forced  forwards,  and 
any  part  between  the  two  jaws  of  what  is  practically  a  vice  with 
bevelled  jaws  is  compressed.  A  spring  draws  the  sliding  piece 
back  when  the  screw  is  slackened. 


rig.  256.— Frog  heart  clamp  of  Gaskell  (Cambridge  Scientific  Inst.  Co.). 

(a)  Record  the  heart  beats  by  a  suspension  method,  and  adjust  jaws  of 
Gaskell's  clamp  over  the  auriculo-ventricular  groove.  Cautiously  turn  the 
screw,  and  gently  compress  the  tissues  in  the  A  to  V  region.  Note  the  eflfeots ; 
the  As  will  continue  to  beat  practically  unchanged,  but  as  the  compression 
is  increased  the  V  may  respond  only  after  two  or  three  beats  of  the  As. 
The  conductivity  has  been  so  diminished  that  only  every  second  or  thii  d 

excitation  wave  passes.     It  is  usually  recorded  thus — ==,  -,  -,  -. 

Repeat  the  above  experiment,  but  clamp  the  ventricle.  There  will  be 
delay  in  transmission  of  the  impulse  from  one  part  of  the  ventricle  to  the 
other. 

The  natural  delay  in  the  passage  of  the  excitation  wave  from  As  to  V  is 
ascribed  to  the  small  number,  and  perhaps  the  embryonic  character  of  the 
muscle  cells  uniting  As  with  V. 

Cut  across  the  auricles  so  that  only  a  small  bridge  of  muscular  tissue 
connects  them.  Stimulate  one  half,  the  other  will  contract  after'  an 
interval,  which  will  be  longer  the  smaller  the  bridge  of  tissue  left.  Many 
of  these  experiments  are  best  done  on  the  heart  of  the  tortoise. 
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(6)  Clamp  excised  heart  (Phil.  Trans.,  iii.,  993,  1882).— Arrange  two 
equally  long  light  levers  with  their  writing  points  exactly  in  the  same 
vertical  line  to  record  on  a  slow  drum,  the  levers  being  about  10  cm.  apart ; 
counterpoise  the  lower  lever.  About  midway  between  the  two  place  a 
modified  Gaskell's  clamp  consisting  of  two  narrow  strips  of  brass  like  the 
points  of  a  fine  pair  of  forceps,  which  can  be  approximated  by  means  of  a 
screw.  Support  the  upper  lever 
with  an  india-rubber  thread. 
Expose  the  heart  of  a  pithed 
frog.  Tie  a  fine  silk  thread  to 
the  apex  of  the  ventricle,  and 
another  to  the  upper  part  of  the 
auricles,  and  excise  the  heart. 
Attach  the  auricular  thread  to 
the  upper  lover,  and  the  ventri- 
cular one  to  the  lower  lever. 

Adjust  the  clamp  to  the 
heart  in  the  aurieulo-ventricular 
groove,  but  at  first  do  not 
tighten  it  too  much,  just  suffi- 
cient to  keep  the  heart  in  posi- 
tion. After  fixing  the  heart 
make  both  levers  horizontal, 
and  adjust  the  elastic  thread 
attached  to  A,  so  that  when  its 
elasticity  is  called  into  play  by 
the  auricles  pulling  down  the 
lever,  it  will,  when  they  relax, 
make  A  horizontal. 

Cause  a  time-marker  to  write  exactly  under  the  writing  points  of  the  two 
levers.     Moisten  the  heart  from  time  to  time  with  dilute  blood. 

After  obtaining  a  tracing  with  As  and  V  contracting  alternately  (fig.  258), 
clamp  the  aurieulo-ventricular  groove  slightly  until  the  ratio  of  A  to  V 


Fig.  257.— Gaskell's  clamp.    C,  Heart  In  clamp ; 

A,  Auricular,  and    V,  Ventricular  lever; 

B,  Elastic  to  raise  A  after  it  is  pulled  down. 


Fig.  338.— Tracing  from  auricle  (4)  and  ventricle  (F)  of  excised  heart  by  Gaskell's 
method.    T,  Time  in  seconds. 


contraction  alters^i.e.,  until,  by  compressing  the  aurieulo-ventricular 
groove,  the  impulse  from  the  auricles  to  the  ventricle  is  "blocked"  to  a 
greater  or  less  extent.     The  auricles  will  then  contract  more  frequently 


than  the  ventricle  — 


A   I   2 
V'l'  1' 


^,&c. 
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5.  Transmission  of  contraction  wave  in  ventricle  (Bngelmann's  in- 
oisions>.  Normally,  the  contraction  wave  passes  from  the  base  to  the  aper 
of  the  heart,  preceded  by  the  active  current  of  the  heart.  Is  the  conduc- 
tion in  the  ventricle  due  to  the  presence  of  nerve  fibres,  or  does  it  depend 
on  the  muscular  tissue  ? 

Expose  a  heart.  Beginning  at  the  apex,  snip  the  ventricle  transversely, 
alternately  on  opposite  sides,  to  get  a  zigzag  strip,  so  that  the  muScular 
continuity  is  preserved,  but  the  nerves  are  cut  (JSngdmann).  The  contrac- 
tion wave  still  passes  over  the  mutilated  ventricle.  This  experiment  is 
regarded  as  showing  that  the  muscular  tissue  itself  is  the  main  medium  for 
transmission  of  the  excitatory  state. 

6.  Put  a  glass  tube  in  the  cesophagus,  cut  away  the  surrounding  parts 
leaving  the  heart  attached,  and  so  dispose  it  that  it  rests  on  the  oesophagus. 
Pass  water  at  different  temperatures  through  the  tube  and  observe  its 
effects  on  the  heart. 

7.  Writing  point  (Bayliss). — The  writing  point  of  Bayliss  is  unsurpassed 
— i.  e.,  on  a  smoked  surface.  When  it  is  necessary  to  diminish  friction  as 
much  as  possible,  this  style  is  most  excellent.  Fix  to  a  straw  a  piece  of 
gummed  or  parchment  paper,  and  to  this  attach  a  bit  of  peritoneal  mem- 
brane (same  as  is  used  for  oncometers)  and  a  bit  of  capillary  glass  tube 
fused  to  a  little  ball  at  the  end,  and  attached  to  the  peritoneal  membrane 
by  Prout's  glue.  The  membrane  is  made  broad  to  give  rigidity  in  the 
direction  of  movement  of  the  lever. 

(Gaskell,  Joum.  of  Phys.,  iv.,  43,  1883  (tortoise  heart) ;  Bngelmann, 
"Versuche  am  suspendirten  Herzeu,"  PflUger's  Archiv.,  Hi.,  Ivi.,  lix. ; 
Kaiser,  Zeits.f.  Biol.,  xxxii.,  1895.) 
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STANNIUS'    EXPERIMENT— ALL  CONTRACTIONS 
MAXIMAL. 

Intrinsic  ganglia  of  heart. — The  heart  is  connected  to  the  central 
nervous  system  by  two  kinds  of  physiologically-distinct  nerve 
fibres — inhibitory  (vagus)  and  augmentor  (sympathetic).  Both 
sets  reach  it  through  the  cardiac  branch  of  the  vagus  (Lesson 
LVII.),  which  is  really  the  vago-sympathetic.  The  two  cardiac 
branches  of  the  vagus  enter  the  heart  behind  on  the  vense  cavse, 
and  run  to  the  sinus,  S.V.,  to  come  into  relation  with  a  group  of 
ganglionic  nerve-cells  lying  between  the  S.V.  and  R.A.,  and 
called  RemaMs  ganglion  or  "  crescent "  (1844).  The  nerve  fibres 
pass  along  the  septum  between  the  auricles — septal  nerves — and 
in  their  course   are    many  nerve-cells — the  septal   ganglia   or 
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Ludwig's  ganglion  (1848).  The  septal  nerves  pass  to  aggrega- 
tions of  nerve-cells  that  lie  in  the  auriculo-ventricular  groove, 
Bidder's  ganglion  (1852).  No  nerve-cells  have  been  found  in 
the  lower  two-thirds  of  the  ventricle,  although,  like  the  rest 
of  the  heart  muscle,  it  has  an  abundant  supply  of  nerve  fibres. 

1.  Stannius'  experiment  (1851). — (a)  Expose  the  heart  of  a 
pithed  frog  (brain  only);  with  a  seeker  clear  the  two  aortse  from 
the  auricles ;  pass  a  moist  cotton  thread  between  the  two  aortse 
and  the  superior  venee  cavse ;  turn  up  the  apex  of  the  heart, 
divide  the  frsenum,  and  raise  the  heart  to  expose  its  posterior 
surface,  and  the  "orescent"  (Remak's  ganglion)  or  line  of  junc- 
tion of  the  sinus  venosus  and  the  right  auricle. 

First  Starmius  Ugaiwre. — Bring  the  two  ends  of  the  ligature 
round  the  heart- — call  this,  for  convenience,  No.  i  ligature — tie 
them,  and  tighten  the  ligature  just  over  the  "crescent,"  so  as  to 
constrict  the  line  of  junction  of  the  S.  V.  with  the  R.  A.  Before 
tightening  the  ligature,  see  that  the  heart  beats  freely.  Tighten 
the  ligature,  the  auricles  and  ventricle  usually  cease  to  beat, 
and  remain  in  a  state  of  relaxation,  while  the  S.Y.  continues  to 
beat  at  the  same  rate  as  before.  After  a  time,  if  left  to  itself, 
the  ventricle  may  begin  to  beat,  but  with  an  altered  rhythm.  If 
the  relaxed  Y  be  pricked,  it  executes  a  single  contraction — i.e., 
a  single  stimulation  produces  a  single  response. 

(6)  Second  Stannius  ligature. — When  the  heart  is  still  relaxed, 
place  a  second  ligature  (No.  2,  different  colour)  round,  and 
tighten  it  over  the  auriculo-ventricular  groove.  Immediately 
the  Y  begins  to  beat  again,  while  the  auricles  remain  in 
diastole. 

(c)  Instead  of  applying  No.  2  ligature,  tlie  Y  may  be  cut  off 
from  the  auricles.     Immediately  it  is  severed,  the  Y  beats. 

(d)  Record  graphically  the  effect  of  No.  i  ligature. — A  fresh 
frog's  heart  being  arranged  by  a  suspension  method  (fig.  252). 
On  suddenly  tightening  the  ligature  the  As  and  Y  cease  to  beat 
and  the  lever  records  a  line  higher  up  and  nearly  parallel  to  the 
abscissa,  with  slight  elevation  due  to  the  beats  of  S.Y.  (fig.  259). 
Priok  the  Y,  it  responds  by  a  single  contraction.  The  As 
similarly  respond,  and  an  induction  shock  elicits  a  single 
response.  Try  to  record  the  effect  of  the  second  ligature  (fig. 
260). 

Stannius  ligature  is  of  practical  importance  (i.)  for  arresting 
the  uninjured  ventricle  to  measure  its  electro-motivity  (Lesson 
XLY.),  (ii.)  for  ascertaining  the  latent  period  and  other  features 
of  a  single  contraction  of  cardiac  muscle  in  the  same  way  as  one 
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investigates  a  simple  twitch  on  skeletal  muscle  (p.  258).  (Hof- 
mann,  "Function  d.  Scheidewandnerven  d.  Froschherzens," 
Pfliiger'a  Archiy.,  Bd.  60,  p.  139.) 


Kg.  259.— Effect,  of  first  ligature  ol  ^tannius.  The  beats,  M,  are  due  to  mechanical 
stimulation  of  the  quiescent  ventricle.  Head  from  below  upvards.  x ,  Moment  ol 
application  of  ligature.     T,  Time,  103  D.V.  per  second  (Stirling). 


Fig.  26p. — I.  Normal  heart-beat  (frogs),  x ,  First  ligature  of  Stannius  ;  the  smaller  beats 
are  due  to  S.V.,  which  continues  to  beat.  2.  Effect  of  second  ligature;  the  large 
beats  are  due  to  V,  the  smaller  to  As  and  S.V.  Note  difference  of  rate  of  V  and 
a.Y.-Ali  (.Stirling). 
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2.  Minimal  stimulus  causes  maximal  contraction  ("all  or 
nothing").  "All  contractions  maximal."  Stannius  a  heart 
attached  to  a  recording  suspension  lever  to  record  only  height  of 
contraction.  Arrange  single  shocks  of  a  coil  to  give  ineffective 
break-shocks.  Push  up  S  coil  until  a  minimal  break- shock 
elicits  a  contraction.  Move  drum  i  mm.;  wait  a  minute  and 
push  up  S  coil  I  cm. ;  stimulate  again  =  a  response  of  equal 
height.  Increase  the  strength  of  the  break-shock,  and  record 
result.  There  is  no  increase  in  the  height.  The  heart  either 
contracts  or  it  does  not,  and  if  it  does,  it  does  its  best.  It  diflfers 
in  this  respect  from  skeletal  muscle  in  that  a  minimal  stimulus 
causes  a  maximal  contraction,  there  being  no  graduated  relation 
between  strength  of  stimulus  and  the  response  as  in  skeletal 
muscle.  The  reason  why  about  a  minute  is  allowed  to  elapse 
after  each  stimulation  is  explained  by  the  following  experi- 
ment : — 

3.  Staircase  character  of  heart-beats. 

Attach  the  apex  of  the  heart  by  means  of  a  silk  thread  to  a 
recording  lever,  as  in  fig.  252,  and  record  on  a  slow  drum. 

Stannius  a  heart  as  above — i.e.,  arrest  the  beating  of  the 
auricles  and  ventricle  by  tightening  a  ligature  over  the  sino- 
auricular  groove. 

The  heart  is  quiescent.  Stimulate  it  with  single  eiFective 
break  induction  shocks  at  intervals  of  5  seconds.  Notice  that 
the  first  beat  is  taller  than  the  second,  the  second  than  the  third, 
so  that  each  beat  ex- 
ceeds its  predecessor  in 
amplitude  until  a  maxi- 
mum beat  is  obtained 
— usually  about  the 
fifth  or  sixth.  The 
amount  of  increase  in 
height  gradually  de- 
creases towards  the  end  I'ig.  261.— staircase  ot  heart-beat  (frog)  produced  by 
.J    .1  .  .  .!_  single   shoclcs  applied  to  quiescent  Stanniused 

01  the    series — %.e.,    the  heiit  (Stirling). 

increment  of  height  of 

2  above  i  is  greater  than  3  .  bove  2,  and  4  above  3,  &c.  This 
is  the  "Staircase"  or  "Treppe"  of  Bowditch  (fig.  261).  .\ 
similar  result  is  obtained  with  skeletal  muscle  (fig.  188).  The 
form  of  the  curve  is  said  to  be  a  hyperbola  (1871). 

4.  LoEid  on  ventricular  contraction. — (a)  Record  by  a  suspension 
method  the  contractions  of  the  unopened  frog's  ventricle— well  filled  with 
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blood — ^clamp  the  aortae  with  forceps  (jaws  covered  with  india-rubber)  to 
increase  the  intra- ventricular  pressure — i.e.,  the  load. 

(6)  Note  great  diminution  of  frequency  of  beat,  but  each  individual  con- 
traction is  increased  in  force. 

5.  Tonus  of  auiloles. — Record  the  beats  of  one  auricle  of  a  tortoise 
heart  on  a  slow  drum,  so  that  the  beats  are  close  together.  Note  (i)  the 
individual  beats ;  (2)  a  secondary  rhythm — rise  and  fall — involving  twenty 
or  more  beats,  due  to  the  oscillations  of  the  "tonus"  of  the  auricle.  Not 
infrequently  one  gets  such  a  rhythm  in  a  "suspended"  frog's  heart  when 
the  ventricle  has  been  exposed  for  a  time  and  has  nearly  ceased  to  beat. 
These  curves  occur  most  markedly  in  fatigued  hearts  or  those  about  to 
die.  Fano  (who  has  specially  studied  this  phenomenon)  attributes  it  to 
stimulation  of  the  ends  of  the  vagus  fibres  in  the  auricles.  {Arch.  itai.  de 
Biol.,  xxxiv.)  Cold  is  apt  to  produce  it,  and  so  do  drugs  that  stimulate 
the  terminations  of  the  vagus. 

6.  Inhibition  by  galvanic  current — Heart. — Connect  a  cell  through  a  M 
and  B  key  with  a  commutator  (cross-bars),  and  the  latter  with  a  rheochord. 
Connect  N.P.  electrodes  with  the  slider  and  positive  binding  screw  of  the 
rheochord.  Expose  the  beating  heart  of  a  pithed  frog.  Arrange  one 
electrode  over  the  liver  and  the  other  over  the  apex  of  the  heart,  making 
the  latter  the  anode.  Make  current.  The  part  of  the  ventricle  under  the 
influence  of  the  +  remains  at  rest,  and  is  filled  with  dark  red  blood  during 
systole  of  the  rest  of  the  heart — i.e.,  localised  diastole. 

Reverse  commutator,  so  that  the  heart  electrode  is  now  - ,  break  the 
current.  At  the  next  systole  the  kathodal  region  remains  relaxed  during 
the  contraction  of  the  ventricle. 


LESSON    LVI. 


LATENT   PERIOD    OP   HEART— BEPBACTORY 
PERIOD— HEAT,  COLD,  AND  CONSTANT  CURRENT. 

1.  Latent  period  of  cardiac  muscle  (Cardiac  delay) — Record  single 
heat. — The  latent  period  is  ascertained  in  the  •  same  way  as  in 
skeletal  muscle,  but  there  is  this  difference,  the  heart  beats 
rhythmically  while  the  skeletal  muscle  is  at  rest  until  excited. 
Therefore  the  heart-beat  must  be  brought  to  a  standstill.  This 
can  be  done  by  a  Stannius  ligature. 

(a)  Arrange  a  coil  for  single  effective  break-shocks,  putting 
in  the  P  circuit  an  electro-magnet  to  record  its  movement  on  a 
slow  drum  to  indicate  the  moment  of  stimulation. 

(6)  Expose  and  Stannius  the  heart  of  a  pithed  (brain)  frog. 
Tie  a  silk  thread  to  the  apex  of  the  ventricle,  and  attach  the 
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thread  to  a  Gaskell's  heart-lever,  arranged  to  record  exactly 
above  the  electro-magnet. 

(c)  Adjust  a  time  lever  over  the  electro-magnet  lever. 

(a)  Two  horizontal  lines  are  recorded.  Stimulate  the  base  of 
the  ventricle  with  a  single  break  induction  shock  (fine  elec- 
trodes); the  moment  of  stimulation  will  be  indicated  by  the 
second  lever,  and  shortly  after  the  heart  will  respond.  The 
interval  represents  the  "  latent  period,"  usually  about  ^  second, 
but  it  may  be  nearly  half  a  second  according  to  temperature 
and  other  conditions  (fig.  262). 


Fig.  262, — Tracing  of  Stanniused  heart  of  frog,  stimulated  at  S  witli  a  single  maximum 
induction  shock.    T,  Time  in  seconds.    Gaskell's  lever  (Stirling). 

(e)  Stimulate  the  auricle,  and  observe  the  longer  "delay"; 
the  wave  of  contraction  takes  longer  to  travel,  and  is  delayed  at 
the  groove. 

2.  Latent  period  of  heart. — Arrange  the  experiment  exactly  as 
for  a  skeletal  muscle  (fig.  137),  substituting  suspension  method 
for  the  crank-myograph,  and   for  the   time-tracing  record   50 


Fig.  263. 


-Single  heart-beat  (frog),  record  on  rapid  drum,    a  i,  latent  period ; 
b  c,  Shortening ;  c  d,  Eelaxation  {Stirliiig). 


vibrations  per  second,  or  less,  according  to  circumstances.  Mark 
(i)  moment  of  stimulation  (automatic  break) ;  (2)  when  contrac- 
tion begins  (L.P.) ;  (3)  whon  it  reaches  its  maximum ;  and  (4) 
when  relaxation  ends  (fig.  263).  Notice  the  flat  top  of  the  heart- 
curve.'^  Measure  the  several  phases,  and  record  in  your  note- 


382 


PRACTICAL  PHYSIOLOGY. 


[lvi. 


book.     Compare  the  relative  duration  of  the  several  phases  with 
your  records  of  a  skeletal  muscle. 

;   Relaxation  =         second.    , 


L.P. 


Contraction 


3.  Heat  and  cold  on  single  beat. — Arrange  a  heart  to  record 
as  a  Stannius  preparation;  rate  of  drum  2  cm.  per  second. 
Arrange  electrodes — single  autoitiatic  break-shocks — to  stimu- 
late the  ventricle.  Bathe  the  heart  with  diluted  blood  (i  blood, 
4  normal  saline),  at  varying  T° — e.g.,  5°,  15°,  20°,  30°  C. — each 
for  about  i  minute ;  then  record  a  contraction  at  each  of  the 
above  T°,  all  on  the  same  abscissa.  Record  point  of  stimulation, 
and  measure  the  curves.  Compare  the  results  as  regards  L.P., 
period  of  contraction,  and  relaxation  with  those  for  skeletal 
muscle.     They  agree  pretty  closely  (p.  258), 
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Fig.  264.— Single  conrtaction  ol  ventricle  (Irog).    Ti,  Time  o-j" ;  Tj,  loo  D.V.  per  second. 
M  easure  curves,  and  tabulate  as  follows  :  — 


Temp. 

L.P. 

P.  of  Contr. 

P.  of  Eelax. 

Total. 

Height. 

5°C. 
IS 

The  effects  are  more  readily  seen  if  the  results  be  plotted  on  "  millimetre 
paper" — i.e.,  paper  ruled  into  areas  i  mm.  square.  T°  is  marked  on  the 
abscissa,  and  time  or  height  on  the  ordinates. 

(i.)  L.P.,  P.  of  contraction,  and  P.  of  relaxation  shorten  with  rise  of 
T°,  but  not  necessarily,  on  the  whole,  in  the  same  ratio. 

(ii.)  The  duration  of  the  whole  beat  also  shortens  with  rise.of  T°. 

(iii.)  The  height  of  the  contraction  shows  greatest  diminution  with 
high  T°, 
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4.  Refractory  period  of  heart — i.e.,  the  time  during  which  a 
stimulus  produces  no  obvious  mechanical  response.  The  heart 
has  a  long  refractory  period  which  lasts  through  the  whole  period 
of  its  contraction  (shortening).  We  have  already  studied  ■  the 
effect  of  two  successive  stimuli  applied  to  skeletal  muscle  and 
found  that  its  refractory  period  practically  coincides  with  its 
latent  period.     (Lesson  XL.,  fig.  178.) 

(a)  Arrange  a  drum  (rate,  3  cm.  per  second)  to  record  by 
automatic  break  two  successive  shocks  (Lesson  XL.). 
Arrange  Stanniused  heart  and  recording  lever  as  in  previous 
experiments. 

(i.)  Record  a  single  beat,  one  contact  used,  marking  L.P.  on 
an  abscissa. 

(ii.)  Arrange  second  contact  so  that  the  second  stimulation 
shall  fall  well  on  the  descent  (relaxation)  of  curve.  Mark 
points  of  stimulation  (fig.  265).  An 
"  extra  contraction  "  is  obtained. 

(iii.)  Repeat  (ii.),  but  bring  the 
second  contact-striker  nearer  to  the 
first,  so  that  the  second  stimulus  is 
thrown  in  just  after  the  beginning 
of  the    descent  (relaxation).      Mark    ^.^   365.  -  Eetaotory  period  of 

points  of  stimulation.  heart,     shook    applied    at    A, 

(iv.)  Bring  the  two  contacts  nearer,  ^-«^f  ™  ^ ,  ll,f.  ^^^,1^^ 
and  repeat  the  double  stimulation  so 

that  the  second  shall  fall  during  the  contraction   (shortening) 
period.     Record  points  of  stimulation. 

The  fact  of  physiological  importance  is  that  the  heart  has  a 
long  refractory  period — i.e.,  during  the  whole  of  the  period  of 
shortening.  This  is  not  to  be  interpreted  that  there  is  a  funda- 
mental difference  between  skeletal  and  cardiac  muscle,  but  only 
that  there  is  a  difference  in  degree. 

5.  Compensatory  pause. — If  the  heart  executes  a  second  contraction 
before  the  completion  of  its  beat,  then  there  is  a  short  delay  before  the 
next  beat.     This  is  the  "  compensatory  pause  "  (fig.  266). 

6.  Repeated  shocks. — To  the  same  Stanniused  heart  apply  tetanising 
shocks,  but  vary  the  strength  of  the  stimulus.  Arrange  to  record  on  a 
slow  drum. 

With  repeated  rapid  strong  stimuli  the  heart  is  not  thrown  into  tetanus. 
It  beats  with  an  altered  rhythm  and  may  not  relax  completely.  There  is 
no  complete  fusion  of  its  contractions,  as  in  skeletal  muscle,  so  that  it  is 
said  "  the  heart  knows  no  tetanus" — i.e.,  complete  tetanus. 

7.  Constant  current  on  heart. 

(a)  Pith  a  frog.  Cut  out  the  heart,  dividing  it  below  the  auriculo- 
ventrioular  groove,  thus  obtaining  an  "  apex  "  preparation  which  does  not 
beat  spontaneously. 


384 


PRACTICAL  PHYSIOLOGY. 


[lvl 

(6)  Fix  a  cork  to  a  lead  base,  cover  the  upper  end  of  the  cork  with 
sealing- wax,  and  thrust  through  it  two  wires  to  serve  as  electrodes,  about- 
4  mm.  apart  (fig.  267),  or  by  means  of  sealing-wax  fix  two  fine  wires  upon 
an  ordinary  microscopic  glass  slide  to  act  as  electrodes.  Cover  the  whole 
with  a  beaker  lined  with  moist  blotting-paper.  Place  the  heart  apex  with 
its  base  against  one  electrode,  and  its  apex  against  the  other. 


Fig.  i66.— An  "  extra-systole  "  comes  in  before  the  second  has  completed.    This  is 
followed  by  a  longer  interval  before  the  next  beat  occurs— the  "compensatory 


^vy^^ 


lig.  267.— Support  for  frog's  heart. 
E,  Electrodes  ;  E,  Heart. 


Fig.  268.— Staircase  character 
of  heart-beat. 


(c)  Arrange  two  cells  in  circuit,  connect  them  with  a  key,  and  to  the 
latter  attach  the  electrodes.  Pass  a  continuous  current  in  the  direction  of 
the  apex.  The  heart  resumes  its  rhythmical  beating,  and  continues  to  do 
so  as  long  as  the  constant  current  passes  through  the  living  preparation. 

8.  Staircase  of  apex  preparation. — (a)  To  a  microscopical  glass  slide 
fix  with  sealing-wax  two  copper  wires  in  the  long  axis  of  the  slide,  their 
free  ends  being  about  3  millimetres  apart.  They  will  act  as  electrodes. 
Connect  the  other  ends  of  the  wires  to  a  du  Bois  key  introduced  in  the 
S  circuit  of  an  induction  machine.  Arrange  the  P  coil  for  single  induction 
shocks,  introducing  a  Morse  key  in  the  circuit. 

(6)  Make  an  "  apex  preparation,"  and  place  it  on  the  electrodes  on  the 
glass  slide.  Rest  on  the  heart  a  light  heart-lever  properly  counterbalanced 
and  arranged  to  record  its  movements  on  a  slow-moving  drum  (5  mm.  per 
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second).     The  preparation  does  not  contract  spontaneously,  but  responds 
to  mechanical  or  electrical  stimulation. 

(c)  Stimulate  the  apex  preparation  with  single-break  induction  shocks  at 
intervals  of  about  lo  seconds.  To  do  this,  open  the  S  circuit,  depress  the 
Morse  key,  short-circuit  the  S  circuit,  and  close  the  Morse  key  again. 
Repeat  this  at  intervals  of  lo  seconds,  and  note  that  the  amplitude  of  the 
second  contraction  is  greater  than  the  first,  that  of  the  third  than  the 
second,  the  fourth  than  the  third,  and  then  the  successive  beats  have  the 
same  amplitude  (fig.  268).  Allow  the  heart  apex  to  rest  for  a  few  minutes, 
and  repeat  the  stimulation — same  result.  From  the  graduated  rise  of  the 
first  three  or  four  beats  after  a  period  of  rest,  the  phenomenon  is  known  as 
the  "  staircase."  The  increment  is  not  equal  in  each  successive  beat,  but 
diminishes  from  the  beginning  to  the  end  of  the  series. 

[d)  If,  while  the  apex  is  relaxing,  it  be  stimulated  by  a  make  shock,  it 
contracts  again,  so  that  the  lever  does  not  immediately  come  to  the 
abscissa.  Observe  the  effect  of  the  "  extra-contraction"  on  the  next  beat. 
It  is  delayed ;  there  is  a  compensatory  pause  (fig.  266). 
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INNERVATION  OF  PROG'S  HEART— INTRA- 
CARDIAC NERVES  -  VAGUS  —  AUGMENTOR 
NERVES. 

Innervation  of  the  frog's  heart. — The  heart  is  connected  with  the 
central  nervous  system  by  two  sets  of  physiologically  distinct 
nerve  fibres — inhibitory  and  augmentor— antagonistic  in  their 
action,  having  separate  origins,  but  both  reach  the  heart  through 
tlie  splanchnic  branch  of  the  vagus. 

The  augmentor  fibres  leave  the  spinal  cord  in  the  anterior 
root — chiefly  of  the  third  spinal  nerve — and  pass  vid  the  ramus 
communicans  to  the  third  sympathetic  ganglion,  and  thence  up 
the  cervical  sympathetic  to  join  the  vagus  and  proceed  with  it 
to  the  heart.  It  is  probable  that  the  augmentor  fibres  end 
around  the  nerve  cells  in  the  sympathetic  ganglion  (indicated  by 
nicotin  method),  and  that  new  fibres  proceed  from  these  ganglionic 
cells.  The  important  fact  is  that  the  augmentor  or  sympathetic 
fibres  reach  the  heart  vid  the  vagus,  so  that  the  so-called  vagus 
in  the  frog  is  really  the  vago-sympattaetic,  consequently  stimula-^ 
tion  of  the  vagus  or  its  cardiac  branch  does  not  necessarilv  yield 
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a  true  or  pure  vagus  effect.     The  course  of  the  vagus — inhibi- 
tory nerve — is  shown  in. fig.  269. 

The  positive  relations  of  the  intracardiac  ganglia  are  given  in 
Lesson  LV. 

1.  IntracEirdiac  inhibitory 
mechanism  (Airopin).  r—  (a) 
Expose  a  frog's  heart.  By 
means  of  a  fine  ligature 
attached  to  the  fraenum  gently 
raise  the  whole  heart  up- 
wards to  expose  the  some- 
what whitish  V-shaped  "  cres- 
cent" (Reraak's  ganglion) 
between  the  sinus  venosus 
and  right  auricle. 

(6)  Arrange  previously  a 
coil  for  fairly  strong  repeated 
shocks,  using  a  short-circuiting 
key.  Place  the  electrodes — 
which  must  be  fine,  and  their 
points  not  too  far  apart  (2 
millimetres) — upon  the  cres- 
cent, and  faradise  it  for  a 
second ;  if  the  current  be 
sufficiently  strong,  after  a  latent  period — one  or  two  heart-beats 
— the  auricles  and  ventricle  are  relaxed  and  cease  to  beat  for  a 
time,  but  they  begin  to  beat  even  in  spite  of  continued  stimula- 
tion (vagus  escape).  The  thin  copper  wire  or  pin  elejstrodes  are 
conveniently  supported  and  fixed  by  modeller's  w.ax  on  a  short 
cylinder  of  lead. 

(c)  Stimulate  the  auricles ;  no  inhibition  or  arrest. 

(d)  Apply  a  solution  of  sulphate  of  atropin  (Lesson  LIX.)  to  the 
heart,  having  previously  surrounded  its  base  with  small  pieces  of 
blotting-paper.  Stimulation  of  the  crescent  no  longer  arrests  the . 
heart.  The  atropin  paralyses  the  inhibitory  fibres  of  the  vagus. 
Had  nicotin  been  used,  the  heart  would  be  inhibited,  at  least  at 
first,  by  stimulation  of  the  crescent. 

2.  Record  inhibitory  (crescent)  arrest. 

(a)  Take  a  tracing  with  Gaskell's  lever.  Stimulate  the  crescent 
for  I  to  2  seconds  with  weak  tetanising  induction  shocks  as  in 
suspension  method,  and  observe  the  arrest  of  the  beat  (fig.  270). 
The  lever  remains  horizontal.  Sometimes  at  first  slight  accelera- 
tion is  obtained,  due  to  stimulation  of  the  accelerans  or  aug' 


Fig.  269,— Disasotion  o(  frog's  heart,  right 
lung,  and  chief  cranial  nerves  in  irelation 
with  them.  (Esophagus  distended  with 
glass  tube,  a,  flight  aorta ;  b,  Larynx ; 
c,  Posterior  horn  of  hyoid ;  ah,  Genio- 
hyoid ;  hg,  HyogloEsus ;  p,  lowest  of 
three  petrohyoids  ;  S,  Hypoglossal ;  G, 
GlosBO-phatyngeal ;  r,  Vagus ;  B,  Bulbus 
aoitsd. 
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mentor  fibres  which  run  in  the  vagus  of  the  frog — i.e.,  it  is 
really  the  vago-sympathetic  (Gaskell).  In  the  P  circuit  place  an 
electro-magnetic  signal.  This  vibrates  when  the  P  circuit  is 
closed,  and  marks  the  period  of  stimulation  as  a  white  patch  on 
the  black  surface.  Make  its  point  record  exactly  under  the 
heart-lever.     Take  a  time-tracing  in  seconds. 


Fig.  270. — Arrest  of  frog's  heart-beat  by  electrical  stimulation  of^crescent. 
Sec.,  Time  in  seconds ;  H,  Seart-beats ;  S,  Stimulation. 


Fig.  371. — Strong  stimulation  of  crescent  between  vertical  mai'ks.    Note  arrest  of  As  and 
V  in  diastole,  and  staircase  of  beats  after  arrest.    The  tracing  shows  very  well 
the  successive  systole  and  diastole  of  S.V.,  A,  and  V.    £ead  from  below  up.    Time, ' 
o'5  sec.    Both  tracings  from  same  heart  (Stirling). 
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'  (6)  After  a  pause  the  beat  begins,  the  contraction  travelling 
as  a  wave  from  sinus,  through  auricles  to  ventricle. 

(c)  Stimulate  the  auricles.  During  inhibition  the  sinus  beats, 
but  the  auricles  and  ventricle  do  not,  because  the  excitability  of 
the  auricles  is  so  lowered  that  they  do  not  propagate  the  excita- 
tory process. 

(d)  Stimulate  the  ventricle  mechanically,  the  heart  beats  in 
the  reverse  order  from  ventricle,  auricles  to  sinus. 

(e)  Do  the  same  with  a  suspen- 
sion method,  when  the  heart  acts 
on  end  of  a  lever,  as  in  A,  and 
record  the  effect  of  stimulation  of 
the  crescent  (Fig.  271). 

A  simple  chronograph  for  reeording 
time  is  made  by  Verdin  (Pig.  272)  from 
a  modified  metronome.  It  can  be  used 
either  for  electrical  contact,  or  with  a, 
Marey's  tambour. 

3.  Cardiac  vagus  of  frog. — Make 
a  preliminary  dissection  before 
attempting  to  stimulate  the  vagus. 

Lay  a  frog  on  its  back  on  a  frog- 
plate.  Expose  the  heart,  and  pull 
the  fore-legs  well  apart.  Introduce 
a  small  test-tube  or  stick  of  sealing 
wax  into  the  oesophagus,  as  the 
nerves  leaving  the  cranium  are 
better  seen  winding  round  from 
behind  when  the  oesophagus  is  dis- 
tended. Remove  the  structures 
covering  the  petrohyoid  muscle, 
which  reaches  from  the  petrous  bone 
to  the  posterior  horn  of  the  hyoid  bone  (Figs.  269,  273),  and  are 
the  guide  to  the  vagus.  Three  nerves,  or  rather  four,  are  seen 
coursing  round  the  pharynx  parallel  to  these  muscles.  The  lowest, 
nearest  the  middle  line  and  superficial,  is  the  hypoglossal  (Hg) 
easily  recognised  by  tracing  it  forward  as  it  crosses  the  petrohyoid 
muscle  (P.H.)  and  the  other  structures  to  pass  to  the  tongue. 

More  laterall}'  placed  and  anteriorly  is  the  glosso-pharyngeal 
(G.P.),  which  is  seen  at  the  angle  of  the  jaw,  and  crossing  P.H, 
to  run  forward  parallel  to  the  ramus  of  the  jaw  under  cover  of 
the  hyoglossus  to  the  tissues  in  the  floor  of  the  mouth.  Bunning 
along  the  lower  border  of  P.H.  in  close  relation  with  the  cutaneous 


Fig.  272.— Eegistering  metroijome 
{Verdim).  It  can  be  used  either 
for  electric  currents,  or  be  coupled 
up  through  C  with  a  recording 
tambour. 
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branch  of  the  pulmo-cutaneous  artery  is  a  fine  nerve — the  vagus 
— the  lowest  of  all. 

The  vagus  gives  off  its  laryngeal  branch  near  the  angle  of  the 
lower  jaw,  and  this  branch  runs  nearly  parallel  to  the  visceral 
branch  of  the  vagus.  It  is,  however,  easily  seen  lying  on  the 
petrohyoid,  and  passing  upward  and  onward  to  the  larynx. 
Now  ti-ace  the  vagus  as  it  runs  along  the  superior  vena  cava  to  the 
right  auricle,  but 
before  it  reaches  the 
heart  it  gives  off  a 
branch  to  the  lungs. 
Now  trace  the  vagus 
to  its  origin  at  the 
skull.  Cut  away  the 
entire  lower  jaw  by 
a  cross  -  cut  from 
angle  to  angle. 
Remove  the  mucous 
membrane  from 
roof  of  mouth,  ex- 
pose levator  anguli 
scapulae  (Fig.  275), 
and  cut  it  at  its 
attachment  to  the 
paraspheuoid  of  the 
skull.  Observe  at 
the  angle  of  the 
skull  a  pigmented 
mass  —  vagal  gan- 
glion— and  from  it 
trace  the  glosso- 
pharyngeal and 
vagus  running  ven- 
trally.  Trace  the 
latter  onwards  towards  the  heart.  Observe  the  fine  laryngeal 
branch  of  the  vagus  (L)  as  a  separate  nerve  running  for  part  of  its 
course  parallel  to  V.  The  vagus  divides  near  the  heart ;  one 
branch  goes  to  the  heart — cardiac — and  the  larger  backwards  to 
the  lung.  The  vagus  outside  the  cranium  is  the  vago-sympathetic. 
The  G.P.  and  V  leave  the  cranium  through  the  same  foramen  in 
the  ex-occipital  bone,  and  through  the  same  foramen  the  sym- 
pathetic enters  the  skull.  N.B. — The  cardiac  vagus  contains 
both  vagal  and  sympathetic  fibres,  and  is,  therefore,  the  vago- 
sympathetic. 


Fig.  273.— Dissection  of  frog's  vagus.  SM,  Submentalis ; 
LIT,  Lung;  F,  Vagus;  OP,  Glosso-pharyngeal ;  Hg, 
Hypoglossal ;  i,  Laryngeal ;  PH.  SH,  GH,  OB,  Petro-, 
Sterno-,  Geuio-,  Omo-hyoid :  HB,  Hyoid ;  BG,  Hyo- 
gloBSUB  ;  H,  Heart ;  BR,  Brachial  plexus. 
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It  is  convenient  to  remove  the  frog  from  the  frog-plate,  and 
study  the  disposition  of  the  nerves  from  the  side. 

4.  Stimulation  of  vagus  (vago-sympathetic  in  frog — i.e.,  cardiac 
inhibitory  fibres). — (a)  Arrange  a  coil  for  weak  tetanising  shocks 
with  short-circuiting  key  in  the  S  circuit,  and  an  electric  signal 
in  the  primary,  the  latter  arranged  to  record  on  a  drum.  Adjust 
a  suspension  heart-lever  to  record  on  a  slow  drum  (a  mm.  per 
sec).     Record  seconds. 

(6)  Find  the  vagus  at  the  lower  border  of  the  petrohyoid 
muscle.  Trace  it  back  to  the  skull.  With  a  fine  aneurism 
needle  pass  a  ligature  under  the  nerve  near  the  skull,  tie  the 
thread,  cut  the  nerve  on  the  skull  side  of  the  ligature,  and  isolate 
the  nerve  for  about  i  cm.  It  is  better  to  do  this  than  to  isolate 
the  nerve  near  the  heart. 

(c)  Inhibition  of  the  heart-heat. — Place  well-insulated  fine  elec-. 
trodes  under  the  trunk  of  the  nerve,  or  place  a  thin  piece  of 
india-rubber  under  the  electrodes.  Take  a  normal  tracing,  and 
then  stimulate  the  vagus  with  strong  tetanising  induction 
shocks ;  the  whole  of  the  heart  is  arrested  in  diastole.  Use  the 
fine  shielded  electrodes  shown  in  fig.  343.  Although  the  fara- 
disation is  continued,  the  heart  recommences  beating  ("vagus 
escape").  The  arrest,  or  period  of  inhibition,  is  manifest,. in  the 
curve  by  the  lever  rising  or  falling  to  zero,  and  recordin'g  merely 
a  straight  line.  If  the  laryngeal  muscles  contract,  and  thereby 
afiect  the  position  of  the  heart,  divide  the  laryngeal  branches  of 
the  vagus.  The  heart,  when  arrested,  is  soft  Vnd  flaccid — 
diastolic  standstill — but  iDofore  it  is  arrested  it  usually  makes  one 
or  two  beats.  It  may  remain  arrested  during  the!  stimulation, 
or  it  may  begin  to  beat  before  the  stimulation — if  prolonged — 
ceases.  Instead  of  arrest  there  may  be  merely  slowin^of  the  beats. 
The  diastolic  arrest  may  continue  after  stimulation  has  ceased. 

(d)  When  the  heart  begins  to  beat  the  beats  are  small  at  first, 
and  gradually  rise  to  normal,  but  sometimes  they  are  more, 
vigorous  (fig.  274). 

(e)  When  the  vagus  is  found  to  be  effective,  test  the  efiect  of 
strength  of  current,  beginning  with  the  S  coil  at  20  or  25  cm. 
from  the  primary  coil.  A  strength  of  current  will  be  found 
when  the  rate  is  slowed. 

(_/)  Note  any  change  in  the  rhythm  of  As  and  V,  and  in  the 
height  (force)  of  the  beats. 

(g)  When  complete  inhibition  is  obtained,  touch  the  ventricle 
sharply  with  the  point  of  a  seeker.  The  ventricle  gives  a  single 
response,  showing  that  the  inhibited  hea/rt  is  still  excitable. 


LVII.]  INNERVATION   01"  IROG'S   HEART.  39 1 

It  is  important  to  remember  that  both  vagal  (inhibitory)  and 
sympathetic  (accelerator  or  augmentor)  fibres  are  stimulated  j 
therefore  the  results  are  complex.  The  vagus  fibres  have  a 
short  latent  period  and  the  sympathetic  a  much  longer  one,  so 
that  apparent  "  after-efiects,"  really  due  to  stimulation  of  the 
sympathetic,  will  be  found.  Moreover,  the  vagi  may  be  un^q^ual 
in  their  effect  on  the  heart. 
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stimulation 


Fig.  274.— Stimulation  ot  cardiac  vagus  of  frog. 

Taken  broadly,  however.  Stimulation  of  the  vagal  fibres  brings 
about : — 

(i.)  Slowing  or  arrest  (inhibition)  of  the  heart-beat,  according 
to  the  strength  of  stimulus. 

(ii.)   Weakening  of  the  force  of  the  beat. 

(iii.)  The  condition  of  the  wave  of  contraction  from  As  to  V 
is  favoured. 

(iv.)  After-efiects,  which  have  been  difierently  interpreted, 
indicating  increased  force  of  beat. 

The  only  way  to  get  a  pure  vagal  efiect  is  to  stimulate  the 
vagus  within  the  cranium  before  it  is  joined  by  the  sympathetic. 

Besides  these  effects,  it  can  be  shown  that  vagus  stimulation 
increases  the  intra-ventricular  blood  pressure,  lessens  the  inflow 
and  outflow  of  blood  from  the  ventricle,  and  lowers  the  tone  of 
the  heart  muscle. 

5.  Stimulation  of  vagus  v.  "  crescent." — In  "  winter  frogs"  the  student 
may  sometimes  find  what  may  appear  atypical  results  in  connection  with 
vagus  action.  But,  on  the  same  heart,  it  is  well  to  compare  the  eflfeot  of 
stimulation  of  the  vagus  with  the  marked,  prompt,  and  decided  effect 
produced  by  stimulation  of  the  crescent  (Lesson  LVII.,  i.),  noting" the 
effect  on  rate,  sequence,  force,  and  extent  of  contraction  of  As  and  V  with 
different  strengths  of  current — using,  of  course,  interrupted  shocks. 

6.  Latent  period  or  delay  of  vagus.—  (a)  For  this  purpose  a 
time-marker  and  an  arrangement  to  indicate  when  the  stimulus 
is  thrown  into  the  nerve  are  required.  Arrange  the  heart-lever 
and  a  time-marker  to  write  exactly  over  one  another. 

(6)  Arrange  coil  for  repeated  shocks  with  an  electro-magnetic 
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signal  in  the  primary  circuit,  and  so  adjusted  that  its  writing- 
style  writes  exactly  under  the  heart-lever. 

(c)  Close  the  primary  circuit  vigorously ;  the  magnet  vibrates, 
and  the  style  records  when  the  heart  is  beating  and  recording 
steadily.  Stimulate  the  vagus,  and  observe  the  eflfect.  Move 
up  the  secondary  coil  until  a  sufficient  strength  of  stimulus  is 
obtained.  The  heart  may  be  only  slowed,  and  not  arrested. 
The  heart  is  not  arrested  immediately,  but  a  certain  time  elapses 
— latent  period — about  one  beat  (i-5  second)  before  the  heart 
is  arrested. 

{d}  Short-circuit  the  secondary  current ;  the  heart  gradually 
resumes  its  usual  rhythm — S.V.,  As,  and  V. 

7.  Sympathetic  nerve  on  heart. 

(a)  Arrange  a  coil  for  weak  tetanising  shocks,  and  place  an  electro- 
magnetic signal  in  the  primary  circuit  to  record  moment  of  stimulation 

exactly  under  the  heart- 
lever. 

(6)  Pith  a  frog,  or  pre- 
ferably a  toad,  and  cut 
away  the  whole  of  the 
lower  jaw  by  a  transverse 
cut.  Remove  the  mucous 
membrane  covering  the 
roof  of  the  mouth,  and 
bring  into  view  the  tri- 
angular levator  anguli 
scapulae.  The  sympathetic 
is  found  before  it  joins  the 
vagus  emerging  from  the 
cranium  (fig.  275).  Care- 
fully isolate  the  sympa- 
thetic. It  lies  immediately 
under  the  levator  anguli 
scapulse,  which  must  be 
removed  with  fine  forceps, 
when  the  nerve  comes  into 
view,  usually  lying  under 
an  artery.  The  nerve  is 
usually  pigmented.  Trace 
the  nerve  downwards, 
when  it  will  be  seen  cross- 
ing the  second  spinal  nerve 


Fig.  275.— Scheme  ot  the  frog's  sympathetic.  LAS, 
^ail'^vator  anguli  scapulae ;  Sym,  Sympathetic ; 
g  I GP,  Glosso-pharyngeal ;  V-S,  Vago-sympathetic ; 
^l^,  G,  Ganglion  of  the  vagus ;  Ao,  Aortse ;  SA,  Sub- 
{^'clavian  artery  (Gaskell). 


and  forming  the  annulus  of  Vieussens  round  the  subclavian  artery  just 
above  this.  The  augmentor,  accelerator,  or  sympathetic  fibres  come  out 
chiefly  in  the  anterior  root  of  the  third  nerve,  and  in  less  numbers  in 
the  fourth.  If  the  petrohyoid  muscles  are  removed,  the  whole  course  of 
the  vago-sympathetic  is  disclosed.  Put  a  ligature  round  it  as  far  away 
from  the  skull  as  practicable,  and  cut  the  nerve  below  the  ligature. 

(c)  Record  heart-beat  by  a  suspension  method  for  several  contractions, 
and  then  stimulate  the  sympathetic  with  weak  interrupted  shocks  by 
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means  of  fine  electrodes.  The  heart  beats  quicker,  and  may  not  relax 
completely.  If  the  heart  is  beating  quickly,  reduce  the  number  of  beats 
by  cooling  it  with  ice  placed  near  it,  or  drop  on  it  cooled  normal  saline. 
In  the  tracing  observe  the  long  latent  period,  and  that  (i. )  the  beats  are 
quickened — i.e.,  increased  rate;  (ii.)  force  of  the  beats  is  increased  ;  (iii. ) 
conduction  from  As  to  V  is  slowed,  thus  leading  to  alteration  in  sequence 
of  beat  of  As  and  V ;  and  (iv.)  observe  the  after  effects.  These  effects  are 
exactly  the  opposite  of  those  of  vagal  stimulation. 

(d)  Isolate  and  stimulate  the  vagus  and  compare  the  effects  of  the  two 
nerves  (the  vagus  outside  the  skull  is  really  the  vago-sympathetic).  Stimu- 
lation of  the  intracranial  vagus— i.e.,  before  it  is  joined  by  the  sympathetic 
• — is  omitted  here.  The  vagus  effect  varies  with  the  season  of  the  year.  In 
gome  animals  one  vagus  is  inactive. 

8.  Stimulation  of  vagus  from  mouth. — In  the  frog  the  vagus,  after 
leaving  the  cranial  cavity,  passes  across  the  levator  anguli  scapulae 
Buperioris  and  touches  the  cartilaginous  capsule  of  the  middle  ear.  The 
nerves  may  be  here  reached  from  the  inside  of  the  mouth  if  suitable  bent 
electrodes  be  applied  to  the  posterior  margins  of  the  Eustachian  tubes.  A 
weak  current  produces  a  strongly  marked  vagus  action  on  the  heart.  This 
is  effective  even  after  complete  destruction  of  the  whole  central  nervous 
system.     (Muskens,  Amer.  Jowm.  of  Phya.,  i.,  486,  1898.) 

9.  Seat  of  motor  centres. — (a)  Expose  the  heart  in  a  pithed  frog,  cut 
out  the  ventricle  with  the  auricles  attached  to  it,  observe  that  the  heart 
continues  to  beat.  Divide  the  ventricle  vertically  by  two  parallel  cuts  into 
three  portions.  The  middle  portion  contains  the  auricular  septum,  in  which 
lie  ganglionic  cells.  It  continues  to  beat  while  the  right  and  left  lateral 
parts  do  not  beat  spontaneously,  but  respond  by  means  of  a  single  con- 
traction if  they  are  stimulated. 

10.  Effect  of  destruction  of  central  nervous  system  on  heart  and 
vascular  tonus  (OoUz). 

(a)  Destroy  the  brain  of  a  frog,  expose  heart,  avoid  loss  of  blood ;  heart 
fills  well  with  blood  (red). 

(6)  Suspend  the  frog,  or  leave  it  on  its  back,  introduce  a  stout  pin  into 
the  spinal  canal,  destroy  the  spinal  cord,  and  leave  the  pin  in  the  canal. 
The  heart  still  beats,  but  is  pale,  collapsed,  and  apparently  empty ;  it  no 
longer  fills  with  blood.  The  blood  remains  in  the  greatly  dilated  abdo- 
minal blood-vessels,  and  does  not  return  to  the  arterial  system.  If  the 
belly  be  opened,  the  abdominal  veins  are  seen  to  be  filled  with  blood. 

(c)  Amputate  one  limb  at  the  thigh,  perhaps  not  more  than  one  or  two 
drops  of  blood  will  be  shed.  A  frog  with  intact  spinal  cord  bleeds  freely 
after  amputation  of  a  limb. 
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LESSON  LVIII. 

ENDOCARDIAL    PRESSTJRB— FROa    MANOMETER- 
TONOMETER. 

The  endocardial  pressure  is  measured  by  the  frog-manometer  of 
Kronecker  (figs.  276,  277),  which  registers  the  changes  of 
pressure  in  the  excised  heart,  fed  with  a  nutritive  fluid  circu- 
lating through  its  cavities.  Two  preparations  of  the  heart  are 
used.      One   called   a  heart   preparation,   which    includes    the 

ventricle  and  part  of  the 
auricles,  and  therefore  the 
ganglionic  cells  of  the  auriculo- 
ventricular  groove  and  some 
auricular  nerve  cells.  The 
other  consists  of  the  lower 
two-thirds  of  the  ventricle,  and 
contains  no  nerve  cells.  It  is 
called  an  apex  preparation.  By 
using  the  latter  preparation, 
one  can  eliminate  the  nerve 
cells. 

1.  Frog  manometer. — A  two- 
way  cannula  (figs.  276,  277)  is 
used  to  perfuse  fluids  through 
the  heart,  the  end,  d,  being 
tied  into  the  heart,  while  a  is 
connected  with  a  stopcock,  so 
that  either  of  the  two  reservoirs 
— Marriotte's  flasks — can  be 
made  to  communicate  with  the 
heart.  The  other  limb,  6,  is  connected  with  the  Hg-manometer, 
which  is  provided  with  an  exit  tube  to  permit  of  the  whole 
system  being  filled  with  the  fluid  to  be  perfused,  when  it  is 
clamped.  The  manometer  has  a  float  and  recording  style  in  its 
open  limb  arranged  to  record  on  a  slow  drum.  To  keep  the 
heart  moist  it  is  placed  in  a  vessel,  d,  filled  with  the  perfusion 
fluid.  The  letters  e  and  e'  indicate  where  electrodes  can  be 
attached  if  it  be  desired  to  stimulate  with  electrical  shocks. 


Fig.  276. 


-Scheme  of  Kronecker's  frog 
manometer. 


LVIII.] 


ENDOCARDIAL  PRESSURE. 


395 


When  S  is  turned  so 
that  a  can  communicate 
with  the  cavity  of  the 
heart,  /  being  open,  the 
fluid  simply  flows  through 
the  heart.  When,  however, 
the  communication  with 
a  is  closed  and  f  is  also 
closed,the  beat  of  the  heart 
exerts  its  pressure  on  the 
Hg  column  and  records  on 
the  drum.  All  air  must 
be  absent  from  the  system. 

By  using  two  Marriotte 
flasks,  each  communicat- 
ing with  the  inlet  tube 
and  capable  of  being  shut 
off  or  opened  by  clamps, 
two  different  fluids  may 
be  perfused.  Further,  by 
adding  atropin,  muscarin, 
spartein,  or  other  drug 
to  one  reservoir,  one  can 
readily  ascertain  the  effect 
of  these  drugs  on  the 
heart,  or  the  antagonism 
of  one  drug  to  another. 

Marriotte's  flask  keeps 
the  pressure  of  the  fluid  in 
the  inflow  tube  constant. 

2.  The  perfusion  fluid 
must  be  capable  of  nour- 
ishing and  sustaining  the 
energy  of  the  cardiac 
tissue. 

(a)  Fluids.  — To  two 
volumes  of  normal  saline 
add  one  of  defibrinated 
sheep's  blood,  well  shaken 
up  with  air,  mix,  and 
filter  through  linen. 

(6)  Einger's  fluid. —  Satu- 
rate o'5  p.c.    NaCl    solution 


Fig.  277. — Complete  arraDgement  of  Kronecker's 
frog  manometer. 


Fig.  278. — Tracing  of  frog's  heart  perfused  with 
dilute  blood.    The  lower  line  indicates  seconds. 
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with  calcic  phosphate,  and  add  2  c.o.  of  a,  i  p.c.  solution  of  potassic 
chloride  to  each  loo  c.e. 

(c)  Modiaed  Ringer's  fluid  [Les?on  LIX.,  3  (d;)].— Locke's  fluid  consists 
of  NaCl  o"9,  CaClj  o'024,  KCl  0'O42,  NaHCOj  o-oi  to  002  p.c.  in  distilled 
water.  This,  if  charged  iinth  oxygen,  will  keep  an  excised  heart  of  rabbit 
going  for  hours.  A  o-i  p.c.  solution  of  dextrose  rapidly  "knocks  down" 
the  heart's  beats,  which  are  soon  restored  by  the  above  fluid  when 
saturated  with  oxygen  {Locke). 

3.  Heart-preparation. — (a)  Pith  a  frog,  expose  its  heart,  liga- 
ture and  divide  the  fraenum.  Fill  the  tubes  of  the  two-way 
cannula  (fig.  279)  with  the  fluid  to  be  perfused.      Pinch  the 

rubber  tubes  with  bull-dog  forceps  to  pre- 
vent escTape  of  the  fluid. 

(6)  Raise  the  heart  by  the  frsenum  liga- 
ture, make  a  cut  in  the  sinus,  and  through 
the  opening  introduce  the  lower  end  of  the 
cannula  (d)  until  it  is  well  within  the 
ventricle.  If  it  is  desired  to  have  a  "heart- 
preparation,"  tie  it  in  with  a  ligature — the 
ligature  constricting  the  auricles  above  the 
auriculo-ventricular  groove.  Cut  out  the 
heart  with  its  cannula. 

(c)  See  that  the  heart  and  tubes  of  the 
cannula  are  filled  with  the  perfusion  fluid — 
no  air  bubbles — then  tie  it  on  to  the  supply 
reservoirs  and  manometer.  Openy!  Perfuse 
some  fluid,  and  then  close  f.  The  heart  so 
prepared  may  not  beat  spontaneously  for  a  time,  or  it  may 
beat  aud  then  stop  and  go  on  again,  giving  what  is  called 
"Luciani's  groups." 

{d)  Take  a  tracing  with  the  outflow  tube,  /,  and  Marriotte's 
flask  shut  off,  so  that  the  whole  effect  of  the  contraction  of  the 
heart  is  exerted  upon  the  mercury  in  the  manometer.  Take 
another  tracing  when  the  fluid  is  allowed  to  flow  continuously 
through  the  heart.  The  second  Marriotte's  flask  shown  in  the 
figure  is  for  the  perfusion  of  ;i  different  fiuid.  By  means  of  the 
stopcock,  s,  one  can  pass  either  fiuid  through  the  heart. 

4.  Apex-preparation. — Only  the  apex  of  the  heart  is  used.  As 
a  rule,  it  does  not  beat  spontaneously  until  sufficient  pressure  is 
applied  to  its  inner  surface  by  the  fiuid  circulating  through  the 
heart. 

(a)  Prepare  the  heart  as  for  the  last  exercise,  but  place  the 
cannula  deeper  into  the  ventricle,  and  tie  the  ligature  round  the 


Kg.  279.— Kroneoker's 
two-way  cannula  for 
frog's  heart. 
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ventricle  below  the  auriculo-ventricular  groove.  Excise  the  heart 
and  cannula,  and  attach  it  to  the  heart  apparatus  as  in  the  pre- 
vious experiment. 

(6)  If  the  "  heart  apex "  preparation  does  not  contract  spon- 
taneously after  getting  up  pressure,  stimulate  it  by,  e.g.,  single 
induction  shocks,  attaching  wires  from  the  S  coil  to  e  and  e'. 

(c)  By  introducing  an  electric  signal  into  the  P  circuit,  and 
having  a  time-marker  recording  at  the  same  time,  one  can  deter- 
mine the  latent  period  of  the  apex  preparation.  It  is  about 
0-15  sec. 

(d)  If  desired,  the  effect  of  a  constant  current  may  be  studied 
in  this  way  instead  of  by  the  method  described  in  Lesson  LVI.,  7. 
The  apex  beats  rhythmically  under  the  influence  of  the  constant 
current. 

5.  Piston-recorder  or  Heart-plethysmograph  of  Schafer  (fig. 
280). 

TOT' 


Fig.  280.— SchMer'a  heart-plethysmograph.    T,  T ',  Taps ;  C,  Cannula ;  E,  Electrode. 

The  heart  is  tied  to  a  two-way  cannula  as  before,  introduced 
into  a  horizontal  tube  with  a  dilatation  on  it,  and  fitted  on  either 
side  with  a  tap.  The  tap  on  the  left  is  for  adjusting,  the  other 
is  in  relation  to  the  piston.  The  bulb  is  fitted  with  electrodes. 
The  bulb  and  tube  are  filled  with  oil,  and  as  the  heart  dilates  it 
forces  the  oil  along  the  tube  and  moves  a  light  piston  resting  on 
it.  When  systole  takes  place,  the  oil  recedes  and  with  it  the 
piston.  The  piston  records  on  a  slow  drum  placed  horizontally, 
and  gives  excellent  results.     (Journ.  of  Phys.,  v.,  130.) 

6.  Roy's  Tonometer  (Frog  Cardiograph). — This  apparatus  registers  the 
change  of  volume  of  the  contracting  heart.  Fig.  281  shows  a  scheme,  and 
fig.  282  shows  the  apparatus  itself.  It  consists  of  a,  small  bell-jar  resting 
on  a  circular  brass  plate  about  2  inches  in  diameter,  and  fixed  to  a  stand 
adjustable  on  an  upright.  In  the  brass  plate  are  two  openings — the  small 
one  leads  into  an  outlet  tube,  e,  provided  with  a  stopcock.  The  other  is  in 
the  centre  of  the  plate,  and  leads  into  a  short  cylinder  i  em.  in  length  by 
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I  om.  in  internal  diameter.  A  groove  runs  round  the  outside  of  this 
pylinder  near  its  lower  edge,  to  permit  of  a,  membrane  being  tied  on  to  it. 
In  this  cylinder  works  a  light  aluminium  piston,^,  slightly  less  indiamieter 
than  the  cylinder.  Around  the  lower  aper- 
ture of  the  cylinder  is  tied  a  piece  of  flexible 
animal  membrane,  the  ligature  resting  in  the 
grooved  collar.  The  free  part  of  the  mem- 
brane is  tied  to  the  piston,  from  the  centre 
of  whose  under-surfaoe,  p,  a  needle  passes 
down  to  be  attached  to  a  light  writing-lever, 
I,  fixed  below  the  stage.  The  bell- jar  is  filled 
with  oil,  0,  while  in  its  upper  „  opening  is 
fitted  a  short  glass  stopper,  perforated  to 
allow  the  passage  of  a  two-wayed  heart- 
cannula  with  the  heart  attached,  h. 

(a)  Fix  the  bell-jar  to  the  circular  brass 
plate  by  the  aid  of  stiff  grease.  Tie  a,  piece 
of  the  delicate  transparent  membrane — such 
as  is  used  by  perfumers  for  covering  the  eorks 


I 


Pig.  2S1.— Scheme  of  Roy's  tonometer. 


of  bottles — in  the  form  of  a  tube  round  the  lower  end  of  the  grooved 
cylinder  ;  afterwards  the  lower  end  of  the  membrane  is  fixed  to  the  piston, 

taking  care  that  the  needle 
attached  to  the  piston  hangs 
towards  the  recording  lever. 
Moisten  the  membrane  with 
glycerin. 

(6)  Fill  the  jar  with  olive 
oil,  and  have  the  recording 
apparatus  ready  adjusted. 
Prepare  the  heart  of  a  large 
frog,  the  cannula  used  being 
one  fixed  in  the  glass  stopper 
of  the  bell-jar,  and  attach 
the  inlet  tube  of  the  cannula 
to  the  reservoir  of  nutrient 
fluid,  while  the  outlet  tube 
is  arranged  so  as  to  allow 
fluid  which  has  passed 
through  the  heart  to  drop 
into  a  suitable  vessel. 

(c)  Introduce  the  cannula, 
with  the  heart  attached, 
into  the  oil,  and  see  that  the 
stopper  is  securely  fixed. 
Open  the  stopcock,  e,  and 
allow  some  oil  to  flow  out 

rig.  .8..^Eoys  tonometer  (Cambridge  Se.  °f  "'  th"«  rendering  the  pres- 

*  Instrument  Co.).  surewithmsub-atmospheric; 
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and,  as  soon  as  the  pressure  has  fallen  sufficiently  and  the  little  piston  is 
gradually  drawn  up  to  the  proper  height,  close  the  stopcock.  Attach  the 
needle  of  the  piston  to  the  recording  light  lever,  and  take  a  tracing  {Joum. 
o/P%8.,  i.,452,  1879). 

For  a  modification  by  Gaskell,  whereby  the  heart  beats  in  normal  saline 
and  not  oil,  see  Joum.  of  Phys.,  iii.,  50,  1880. 

7.  Arterial  blood-pressure  in  frog. — (a)  Expose  the  heart  of  a  de- 
cerebrated and  lightly  curarised  frog.  Make  a  glass  cannula  with  its  tip 
sufficiently  small  to  pass  into  one  aorta.  Tie  a  short  length  of  rubber 
tubing  to  the  other  end  of  the  cannula  and  fill  it  with  i  p.c.  sodium 
carbonate  solution.  Close  the  tube  with  bull-dog  forceps  or  with  a 
glass  rod. 

(6)  Prepare  a  small  heart  Hg-manometer,  like  that  in  fig.  283,  and  see 
that  its  proximal  limb  is  filled  with  the  soda  solution,  and  that  the  float  is 
arranged  to  record  on  a  slow  drum. 

(c)  Isolate  one  aorta,  and  ligature  it  as  near  the  head  as  possible.  Put  a 
second  ligature  round  the  aorta,  as  near  the  heart  as  possible  ;  do  not  tie 
it.  Between  the  second  ligature  and  the  heart  clamp  the  aorta  with  fine 
forceps.  With  sharp  scissors  make  an  oblique  slit  in  the  aorta — apex  of 
slit  towards  heart— between  the  first  ligature  and  the  forceps,  introduce 
the  cannula  with  its  narrow  end  towards  the  heart,  and  tie  it  in  position 
with  the  second  ligature. 


Fig.  283.— Simple  lorm  of  frog's  heart  manometer  (Frederieq). 

(d)  Connect  the  elastic  tube  of  the  cannula  with  the  tube  of  the  proximal 
limb  of  the  manometer,  see  that  the  whole  system  is  filled  with  solution 
of  sodium  carbonate — no  air.  The  carbonate  prevents  the  blood  from 
coagulating.  Remove  the  forceps  between  the  cannula  and  the  heart, 
and  record  the  beats  of  the  heart.  (For  the  details  of  the  method  used  to 
estimate  the  pressure  in  mammals,  see  Lesson  LXVI.) 

This  preparation  may  be  used  to  show  the  effect  of  various  conditions  on 
the  arterial — i.e.,  aortic— blood-pressure— e.gr.,  stimulation  of  the  central 
end  of  any  sensory  nerve — e.g.,  the  sciatic,  or  compression  of  the  abdomen 
(Fredericq). 

Fig.  283  shows  a  simple  forfai  of  frog  heart  manometer  for  the  excised 
heart  that  can  readily  be  made  in  any  laboratory. 
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8.  WiUiamB'  heart  apparatus  (frog's  heart)  is  used  largely  by  pharma- 
cologists. The  excised  heart  (fig.  284,  h)  is  "  perfused "  and  the  arterial 
pressure  acts  on  the  Hg  in  the  manometer,  m,  provided  with  a  recording 
pen,  3.  The  heart  is,  as  in  fig.  284,  connected  with  a  Marriotte's  flask  to 
obtain  a  constant  pressure.  It  differs  from  Kroneoker's  form  in  that  the 
two  tubes  leading  from  the  perfusion  cannula  are  each  provided  with 
ingenious  membranous  valves  (fig.  285)  which  permit  the  perfused  fluid  to 
pass  readily  towards  the  heart  and  manometer,  but  prevent  its  reflux.     If 


Fig  284.— Williams'  frog-heart  apparatus,    h,  h.  Heart  and  canmila ;  vi  and  D2,  Special 
valves ;  g,  m,  s,  Hg-manometer  and  writing  style ;  /,  Pressure  bottle. 

the  outlet  tube,  q,  be  closed,  then  a  two-way  cannula,  k,  is  introduced 
through  one  aorta  until  its  point  lies  in  the  ventricle.  Ligature  the 
cannula  and  the  veins.  The  two  tubes  from  the  cannula  are  connected  to 
the  valves,  Vi  and  V2,  the  former  connected  with  a  Marriotte's  flask  placed 
at  a  suitable  height,  and  the  other  with  /,  the  manometer,  the  whole 
system  being  filled  with  the  fluid  to  be  perfused.  Fig.  285  shows  the 
arrangement  of  valves  of  natural  size.  A  thin  membrane  is  tied  over  the 
slit,  s— a  piece  of  the  intestine  of  a  frog  may  be  used. 

If  the  valves  are  arranged  as  in  flg.  285,  the  apparatus  acts  as  a 
"  maximum  manometer,"   so  that  it  may  be  used  not  only  to  register 
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the  heart-beats,  but  also  to  determine  the  absolute  force  exerted  by  the 
beating  heart.  To  do  the  former,  the  outflow  tube  must  be  regulated, 
and  then  the  heart  beats  with  constantly  renewed  or  perfused  fluid  {Archiv. 
f.  exp.  Pharmakol,  xiii.,  1880). 


Fig.  285.— Plan  of  valves  used  for  flg.'284. 

9.  Glass  perflision  cannula. — A  glass  perfusion  cannula  is  easily  made. 
First  make  a  cannula  like  fig.  344,  with  a  T  attachment  and  shoulder  of 
the  requisite  size.  Pass  through  the  long  tube  a  narrower  tube,  and  over 
the  end  removed  from  the  shoulder  fix  rubber  tube  to  keep  the  inner  and 
outer  tubes  in  position,  the  inner  one,  of  course,  projecting  beyond  its 
containing  tube  (fig.  292). 


LESSON    LIX. 


ACTION  or  SALTS,  ALKALOIDS,  DRUGS,  AND 
EXTRACTS  ON  PROG'S  HEART. 

Action  of  drugs  on  heart. 

Either  the  excised  heart,  placed  in  a  watch-glass,  or  the 
heart  in  situ  may  be  used.  The  heart  should  be  made  to 
record  its  beats  by  a  suspension  method  (fig.  252).  The 
best  plan  is  to  record  by  a  suspension  method  —  having 
previously  exposed  the  vagi — if  it  be  desired  to  test  the 
effect  of  vagus  action  on  the  heart  after  the  action  of  a  drug. 
Set  up  a  coil  for  tetanising  shocks,  and  an  arrangement 
for  recording  time.  The  apparatus  of  Klemensiewicz  is  very 
convenient.  The  pendulum  of  a  metronome  beats  alternately 
against  two  receiving  tambours,  and  by  air-transmission  through 
communicating  with  a  recording  tambour  time  is  recorded, 

1.  Distilled  water. — We  have  seen  that  this  is  a  powerful 
poison  for  muscle  and  nerve,- and,  indeed,  for  all  protoplasmic 
tissues.  Record  the  beats  of  a  heart  by  a  suspension  method, 
and  allow  distilled  water  to  drip  on  the  heart  from  a  pipette. 

,  26 
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Make  a  snip  in  one  auricle,  which  allows  the  blood  to  escape, 
and  the  distilled  water  to  act  on  the  heart.  The  beats  become 
slowet,  less  frequent,  and  the  prolonged  action  of  distilled  water 
stops  the  beat,;  but  if  its  salts  be  restored  by  bathing  it  with 
normal  saline  made  with  tap-water,  it  may  begin  to  beat. 

2  Nonual  saline.— If  made  with  tap- water  it  sustains  the 
heart-beat  for  some  time,  as  it  contains  several  salts,  especially 
of  calcium.  As  many  drugs  are  dissolved  in  normal  saline, 
before  testing  the  effect  of  such  a  drug  it  is  important  to  note 
the  effect,  if  any,  of  the  normal  saline  used  as  a  solvent. 

"  Normal  saline "  cannot  permanently  maintain  the  beat. 
The  heart  ceases  to  beat,  and  passes  into  a  condition  of  "ap- 
parent death,"  from  which  it  may  be  restored  by  the  action  of 
normal  saline  containing  blood,  or  Ringer's  fluid,  or  a  mixture 
composed  of  07  p.c.  NaOl,  0'026  p.c.  CaClj,  and  0-03  p.c.  KCl 
(C  W,  Greene).  The  contractions  ultimately  recorded  under 
normal  saline  present  the  appearance  of  fatigue ;  such  an  ap- 
pearance is  not  due  to  fatigue,  but  to  the  inorganic  salts 
necessary  to  contraction  haying  been  removed.  The  phenomenon 
of  so-called  exhaustion  or  apparent  death  is  not  due  to  exhaus- 
tion of  the  contractile  substance  of  the  heart  (C.  W.  Greene, 
Amkr.  Journ.  of  Phys.,  ii.,  1898). 

3.  Inorganic  salts  on  heart  muscle  {W.  T.  Porter). — This  is 
best  studied  on  a  circular  strip  2  "3  mm.  wide,  cut  from  the 
ventricle  of  a  tortoise  heart ;  the  ring  is  severed,  and  the  strip 
is  fixed  to  a'  lever  in  the  apparatus  shown  in  fig.  252,  or  a 
similar  arrangement. 

(o)  Sodium. — Immersed  in  07  p.c.  NaOl,  after  a  time  the 
strip  may  beat  rhythmically,  but  the  beats  soon  cease,  the  muscle 
loses  its  tonus,  so  that  NaCl  alone  cannot  maintain  the  heart- 
beat. 

(6)  Potassium,. — If  a  non-beating  strip  of  heart  muscle  be 
immersed  in  KCl  (o"9  p.c,  which  is  isotonic  with  07  p.c.  NaCl) 
no  contractions  result.  This  solution  even  arrests ,  a  beating 
strip. 

(c)  Calcium,. — Calcium  chloride  alone  (i"o  p.c.  isotonic  with 
07  p.c.  NaCl)  also  causes  a  beating  strip  to  cease  beating.  If 
added  to  NaOl,  however,  it  prolongs  the  beating,  and  increases 
strength  of  the  contraction. 

(d)  Modified  Binger's  fluid — i.e.,  the  combined  action  of  Na, 
Oa,  and  K.  Porter  gives  the  following  solution  used  by  C.  W. 
Greene — NaCl  (07  p.c),  CaClj  (0-026  p.c),  KCl  (0-035  P-''-) — ^s 
one  which  secures  long-continued  rhythmic  contraction. 
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4.  Mascarin,  prepared  from  Agaricus  muscwrius,  is  very  ex- 
pensive, so  that  the  artificial  muscarin  nitrate  (OjHjjNOg) 
prepared  from  cholin  (Og-HjjNOj)  is  usually  employed  (lo  p.c. 
solution). 

(o)  Pith  a  frog,  expose  ita  heart,  and  record  its  move- 
ments by  a  suspension  method.  To  get  the  full  effect  of  the 
drug  on  cardiac  action  snip  the  heart  to  allow  the  blood  to  run 
out.  With  a  fine  pipette  apply-  a  few  drops  of  normal  saline 
containing  a  trace  of  muscarin  to  the  recording  heart  (artificial 
muscarin  nitrate  may  be  used).  The  beats  rapidly  become  slower, 
the  force  diminishes,  and  the  rhythmical  vigorous  beating  ceases 
until  the  heart  ceases  to  beat — "standstill" — in  the  phase  of 
complete  diastole.  If  the  heart  is  not  cut,  this  is  a  good  method 
of  collecting  a  considerable  quantity  of  frog's  blood  when  it  is 
wanted  for  any  purpose  from  the  heart  (Kiihne). 


Fig.  z86.— Tracing  of  heart  (Gaskell's  lever)  arrested  by  muscarin,  and  rhytlim  restored 
by  atropin.    T,  Time  in  seconds. 

(6)  When  the  heart  is  completely  relaxed  in.  the  diastolic 
phase,  it  is  very  inexcitable — mechalnical  or  electrical — responding 
only  to  strong  stimuli^  and  perhaps  the  auricles  not  at  all. 

In  a  frog's  heart  poisoned  with  a  diop  of  O'l  p.c.  of  muscarin-platinum 
chloride,  it  would  seem  that  such  a  heart  summates  its  oontraotions,  and 
may  yield  a  tetanus,  hut  this  effect  is  undone  by  atropin  (flg.  286) 
(A.  WaitUr.) 

5.  Atropin  (Cj^BEggNOj). — To  the  heart  arrested  with  muscarin 
— i.e.,  after  a  sufficient  interval,  and  when  the  "  muscarinised  " 
heart  shows  no  tendency  to  recovery. 

(o)  Apply  a  few  drops  of  a  0-5  p.c.  solution  of  sulphate  of 
atropin  in  normal  saline.  The  heart  gradually  begins  to  beat ; 
sometimes  the  extent  of  the  beat  is  increased.  Atropin  undoes 
the  effect  of  muscarin;  sometimes  spoken  of  as  "antagonistic 
action"  of  drugs — i.e.,  physiological  &n.t3.gordsro.  (fig.  286). 

(6)  Faradise  (i.)  the  vagi,  and  (ii.)  the  crescent  or  inhibitory 
centre  of  the  atropinised  heart ;  the  heart  is  no  longer  arrested,  ' 
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because  the  atropin  has  paralysed  the  intracardisic  inhibitory 
mechanisin. 

(c)  Or  after  finding  the  vagus  is  effective,  apply  a  tevr  drops  of 
a  o'5  p.c.  solution  of  sulphate  of  atropin  in  normal  saline  to  a 
normal  heart  recording  as  above.  Record  the  result  to  show  that 
neither  stimulation  of  the  crescent  nor  of  vagus  arrests  the  beat. 
Atropin  paralyses  the  intracardiac  terminals  of  the  vagus  or 
so-called  inhibitory  mechanism. 

6.  Nicotin  (CjoHi^Ifg).— Apply  Nicotin  (2  milligrams).  Stimu- 
lation of  the  vagus  no  longer  arrests  the  heart's  action,  but 
stimulation  of  the  sinus  venosus  does  ;  so  that  nicotin  paralyses 
the  fibres  of  the  vagus,  and  leaves  the  intracardiac  inhibitory 
mechanism  intact. 

Arrange  a  heart  as  before,  see  that  vagus  is  active,  record 
normal  beats,  apply  to  the  heart  o"i  p.c. — i.e.,  I  per  loob — 
nicotin  (fig.  287)  in  N.S.     Note — 

(i.)  First  effect  is  slowing  of  heart, 
(ii.)  Stimulation  of  vagus  is  without  inhibitory  effect — may 

be  acceleration — but 
(iii.)  Orescent  (S.V.)  stimulation  arrests  the  beat  ('fig.  287). 

This  drug  is  of  supreme  importance  in  nerve-physiology,  and 
has  been  extensively  used  by  Langley  and  others  to  determine 
when  a  nerve  cell  is  intercalated  in  the  course  of  a  visceral  or 
peripheral  nerve  path.  In  (ii.)  the  pre-ganglionic  terminations 
of  vagus  have  been  paralysed,  and  in  (iii.)  the  post-ganglionic 
are  still  active. 

It  appears  first  to  stimulate  certain  nerve  cells,  or  arborisations 
around  these  cells,  and  then  to  paralyse  them,,  but  the  pro- 
longed application  of  large  doses  ultimately  affects  the  whole 
nervous  apparatus  of  the  heart.  On  this  supposition  the  experi- 
ments (ii.)  and  (iii.)  are  explained  by  assuming  that  the  termina- 
tions of  the  vagus  fibres  "  arborise  "  around  the  nerve  cells  of  the 
"  crescent "  (Kemak's  ganglion). 

(iv.)  After  the  full  nicotin  effect,  again  stimulate  the  cres- 
cent with  strong  currents  ;  there  may  be  marked 
acceleration  of  the  beat.     Why? 

The  interpretation  given  is  that  the  accelerator  (augmentor) 
fibres  are  stimulated — that  they  have  no  nerve  cells  in  their 
intracardiac  course,  and  run  direct  to  their  terminations. 

The  effect  varies  with  the  dose.  Try  effect  of  applying  a  drop 
of  pure  nicotin  on  the  heart. 

It  is  not  necessary  to  record  the  result  in  order  to  determine 
the  seat  of  action  of  nicotin.    Apply  °'^  P-c-  solution  to  the 
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heart.  After  a  few  minutes  stimulate  the  vagus.  No  inhibi- 
tory effect.  But  raise  heart  and  stimulate  the  "  orescent ; "  the 
heart  is  inhibited. 


Fig.  987.— stimulation  of  crescent  between  vertical  lines.  In  lowest  curve  arrest  of  As 
and  V.  Nicotin  applied  at  X  (middle  curve).  In  uppermost  curve  stimulation  of 
crescent ;  no  arrest. 

It  is  evident,  then,  that  as  we  know  nicotin  does  not  paralyse 
nerve  trunks  in  this  stage  of  its  action^  it  must  have  paralysed 
some  mechanism  between  the  vagus  and  the  intracardiac  inhibi- 
tory nerves.  This  renders  it  probable  that  the  vagus  does  not 
pass  directly  to  cardiac  muscle,  but  ends  around  nerve  cells — 
probably  in  Bemak's  ganglion. 
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Prolonged  action  of  nicotin  ultimately  also  paralyses  the  intra- 
cardiac inhibitory  mechanism,  so  that  stimulation  of  the  crescent 
no  longer  produces  inhibition. 

7.  Pilooarpta  (CuHjeNA.  and  P.  nitrate,  CnHieNjO^-HNOs;  sol.  i  :9 
parts  water). — ^Arrest  [or  slow]  the  heart  with  0'5  p.o.  [rapid  with  lo 
P.O.]  solution  of  pUocarpin  nitrate.  The  heart  is  arrested  in  diastole. 
Apply  atropin  to  antagonise  it,  observing  that  the  heart  beats  again  after 
the  action  of  the  atropin.     Atropin  restores  the  beat. 

8.  Curare  (alkaloid  ourarin,  OioHiBNa,  soluble  in  water). —Record  nor- 
mal contraction.  ,  Apply  a  few  drops  of  i  p.o.  in  N.S.  solution  to  heart.  ; 
After  a  few  minutes,  stimulate  the  vagus  ;  no  effect  (perhaps  acceleration^).  ' 
But  stimulation  of  the  S.V.  or  crescent  arrests  the  heart  in  diastole — i.e., 
the  pre-ganglionio  but  not  the  post-ganglionic  fibres  of  the  vagus  are 
paralysed.  A  very  strong  dose  ultimately  paralyses  the  latter,  and  the 
V  is  more  affected  than  As  or  S.V. 

9.  Dlgitalin  (C50H40O3. — Merck's  preparation  consists  of  a  mixture  of 
several  gluoosides). — Apply  a  i  or  2  p.c.  solution  to  a  fresh  heart.  The  V 
contracts  strongly,  but  the  relaxation  phase  during  diastole  of  the  V  beat 
tecomes  less,  until  the  heart  ceases  to  beat,  the  heart  itself  being  in  a  state 
of  prolonged  or  permanent  contraction.  The  tone  of  the  heart  muscle  is 
increased,  as  shown  by  the  height  of  the  curve  above  the  abscissa,  and  at 
first  the  V  beat  is  most  affected. '  Ultimately  the  whole  heart  passes  into 
a  permanent  systolic  phase  and  is  dead. 


Fig.  288. — In  lower  curve  a  nonnal  tracing  with  Bupra-renal  extract  applied  direct  to 
beating  heart  filled  with  blood,  and  recording  by  a  suspension  method.  B«ad  curves 
from  below  upwards.  Very  slight  effect.  At  x,  ship  in  As  or  S.V,,  extract  again 
applied.    Note  marked  effect.    Time,  0*5". 

10.  Cooain  (Ci^HaiNOi.  Hydrochlorate,  Ci,H2iN04  :  HCl)^(o-2  p.e. 
solution,  I  in  500  N.S.). — Apply  this  to  heart.  The  V  does  not  respond 
to  each  beat  of  S.V.  and  As.  Vagus  stimulation  without  vagus  effect. 
Large  doses  abolish  V  beat. 

-  11.  Caffein  (CsHioNiOs  .  HjO;  soluble  i  :  SoinN.S.).— If  applied  directly 
to  the  heart  it  rapidly  slows  the  beat,  increases  tone,  so  that  the  ventricle 
does  not  undergo  full  diastolic  expansion,  but  continues  to  contract  more 
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Fig.  289.-1.  Normal  heart-beat.  Bead  upwards.  2.  Effect  of  snip  in  S.V.  3.  Effect  of 
direct  application  ot  supra-renal  extract,  with  arrest  of  beat,  and  then,  later,  in  4, 
renewal  at  different  rate,  and  with  renewed  extent  of  contraction  of  ventricle. 
Kotice  staircase  character  of  renewed  beat.    Time,  0*3". 


Fig.  290.— The  lower  curve,  read  up,  shows  a  bloodless  (snip)  heart-beating,  with  systole 
and  diastole  of  S.Y.,  As,  and  V  well  marked.  At  the  verticiU  mark  supra-renal 
extract  has  applied  directly  to  heart.  Note  immediate  effect.  The  upper  curve 
from  the  same  heart  shows  a  later  result.  Note  two  groups  of  beats,  longer  interval* 
Is  it  compensation?   Time,  0*5'^ 
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and  more  feebly  until  the  drug  causes  "rigor"  of  the  ventricle,  while  the 
S.V.  and  As  still  continue  to  beat.  ./ 

12.  Acids  and  alkalies. — Dilute  solutions  may  be  applied,  and  their 
effects  studied  (Gaskell,  "Tonicity  of  heart,"  Jowm.  of  Phys.,  iii.,  1890). | 

13.  Supra-renal  extract. — The  effects  of  this  remarkable  substance— |a 
watery  extract  of-  the  medulla  portion  of  the  gland — not  the  cortex— aie 
shown  in  figs.  288,  289,  290. ,  For  the  enormous,  but  temporary,  rise  bt 
blood-pressure  produced  by  it  when  injected  into  the  circulation  (see 
Lesson  LXX.).     The  pressure-raising  substance  is  called  Epinephrln. 

1 4.  Extract  of  meat. — Test  the  effect  of  a  watery  or  saline  solution  pf 
extract  of  meat — Liebig's  or  Armour's — and  record  the  result. 

See  the  "  Physiological  action  of  drugs,"  by  M.  S.  Pembrey  and  C.  D.  J. 
Phillips,  London,  1901,  for  many  excellent  tracings  which  show  the  action 
I  of  all  the  drugs  already  mentioned,  and  many  more ;  also,  the  effect  of 
drugs  on  a  nerve-muscle  preparation. 


LESSON    LX. 


MAMMALIAN    HEART    AND    ITS   NUTBITION— 
PERFUSION   THROUGH    BLOOD-VESSELS. 

1.  Mammalian  heart- valves. — Use  the  heart  and  lungs  of  a  sheep, 
with  the  pericardium  still  unopened. 

{a)  Open  pericardium,  observe  its  reflection  round  the  blood- 
vessels at  the  base  of  the  heart.  Cut  off  the  lungs  moderately 
wide  from  the  heart.  Under  a  water-tap  wash  out  any  clots 
from  the  heart.  Prepare  from  glass  tubing,  15  mm.  in  diameter, 
a  tube  8  cm.  long  and  another  60  cm. ,  Make  a  flange  on  one 
end  of  both.  Fix  a  ring  to  hold  a  large  funnel  on  a  retort 
stand. 

(6)  Tie  the  short  tube  in  the  S.V.C,  the  flanged  end  being 
inserted  in  the  vessel  and  tied  in  with  well-waxed  stout  twine. 
In  the  pulmonary  artery,  P.A. — separated  from  its  connections 
with  the  aorta,  which  lies  behind  it — tie  the  long  tube,  the 
flange  securing  it  completely.  Ligature  the  inferior  vena  cava, 
and  the  left  azygos  vein  opening  into  the  R.A.  Connect  the 
short  tube  by  means  of  rubber  tubing  with  the  funnel  in  the 
retort  stand.  Keep  the  level  of  the  water  in  the  funnel  below 
the  upper  surface  of  the  P.A.  tube.  Pill  the  funnel  with  water; 
it  passes  into  the  K.V.,  and  rises  to  the  same  height  in  the  P.A. 
as  the  fluid  in  the  funnel.     Compress  the  R.V.  with  the  hand. 
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the  fluid  rises  in  P.  A.  tube  ;  on  relaxing  the  pressure  the  fluid 
remains  stationary  in  P.  A.  tube,  as  it  is  supported  by  the  closed 
semilunar  valves.  They  are  said  to  be  "  competent."  If  the 
K.V.  be  then  compressed  rhythmically,  the  fluid  rises  higher 
and  higher,  until  it  is  forced  out  of  P.  A.  tube.  The  column  of 
fluid  is  supported  by  the  semilunar  valves.  Observe  the  three 
bulgings — sinuses  of  Valsalva. 

(c)  Repeat  (6)  on  the  left  side,  tying  a  long  tube  in  the  aorta 
and  a  short  one  in  a  pulmonary  vein,  ligaturing  the  veins. 

(d)  Cut  away  the  right  auricle,  hold  the  heart  in  the  left 
hand,  and  pour  water  from  a  jug  into  the  tricuspid  orifice.  It 
passes  into  the  E.V.  and  floats  up  the  three  cusps  of  the  tri- 
cuspid valve ;  the  three  segments  come  into  apposition,  the 
upper  surfaces  of  the  valves  themselves  being  nearly  horizontal. 

(e)  With  forceps  tear  out  one  of  the  three  segments  of  the 
semilunar  valve  of  the  P.  A.  Tie  a  short  tube  in  the  P.  A.,  and 
to  it  attach  a  rubber  tube  communicating  with  a  funnel  sup- 
ported on  a  tall  retort  stand.  Pour  water  into  the  funnel  (avoid 
entrance  of  air) ;  it  flows  into  the  E.V.,  floats  up,  and  securely 
closes  the  tricuspid  valve.  The  injured  (incompetent)  semilunar 
valves  allow  the  fluid  to  flow  into  the  ventricle.  Turn  the 
heart  any  way  you  please,  fluid  escapes  through  the  tricuspid 
valve,  provided,  of  course,  the  heart  be  not  raised  too  high. 

(/)  Cut  out  the  aorta  with  its  semilunar  valves  from  a  sheep 
heart,  leaving  a  considerable  amount  of  adjacent  tissue.  Tie  the 
narrow  end  of  a  funnel-shaped  glass  tube  (flanged)  in  the  aorta. 
Place  the  funnel  and  aorta  in  a  filter  stand.  Pour  water  into 
the  funnel,  much  of  it  escapes  through  the  coronary  arteries ; 
ligature  these.  The  semilunar  valves  allow  no  fluid  to  pass 
between  their  segments.  Hold  a  lighted  candle — or  better,  of 
course,  an  electric  lamp — under  the  valves,  and  observe  how 
they  come  together  and  close  the  orifice,  the  triradiate  lines  and 
the  lunules  in  apposition  projecting  vertically. 

The  same  result  is  easily  obtained  by  tying  a  similar  prepara- 
tion on  the  end  of  a  tube  and  blowing  through  the  latter.  An 
observer  can  readily  study  the  play  of  the  sigmoid  valves.  It  is 
by  no  means  difficult  to  project  the  "play"  of  the  valves  on  a 
screen. 

(g)  Slit  open  the  P.A.,  and  observe  the  form  and  arrangement 
of  the  semilunar  valves  and  the  sinuses  of  Valsalva  behind  each 
cusp.  If  the  aorta  be  similarly  slit  up  longitudinally,  a  cor- 
responding arrangement  is  seen.  Note  in  addition  the  orifices 
of  origin  (/)  of  the  coronary  arteries  in  the  region  of  their 
respective  sinuses. 
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(h)  T.S.  ventricles. — Examine  a  T.S.  through  both  ventricles. 
Compare  the  shape  of  the  two  cavities,  their  disposition  — 
(Why  is  the  cavity  of  the  R.  V.  crescentic  ?) — and  the  relative 
thickness  of  their  respective  walls. 

(i)  Ligature. — Ligature  any  large  vessel  attached  to  the 
heart;  one  feels  the  sensation  of  something  giving  way  when 
the  ligature  is  tightened.  Cut  away  the  ligature,  open  the 
blood-vessel,  and  observe  the  rupture  of  the  coats  produced  by 
the  ligature. 

(?)  Casts  of  lieart. — Study  Ludwig  and  Hesse's  casts,  showing 
the  ventricles  (dog)  in  (i)  diastole,  (2)  systole. 

Endocardial  nutrition  of  mammalian  heart. — It  is  generally 
stated  that  the  nutiition  of  the  mammalian  heart  depends  on  the 
blood  it  receives  through  the  coronary  arteries,  and  that  without 
a  due  supply  of  blood  via  these  vessels  the  sustain.'  d  rhythmic 
contractions  of  the  cardiac  muscle  cease.  F.  H.  Pratt  ("Nutrition 
of  the  heart  tlirough  the  vessels  of  Thebesius  and  the  coronary 
veins,"  F.  H.  Pratt,  Ainer.  Journ.  ofPhys  ,  i.,  86,  i8g8)  has  shown 
that  this  is  not  an  accurate  statement  of  the  whole  truth,  for  the 
heart  will  beat  for  hours  whilst  its  arteries  are  empty  and  no 
longer  supplied  from  the  aorta.  How  is  such  nutrition  of  the 
cardiac  muscle  possible?  (i)  Either  "through  the  vessels  of 
Thebesius,  which  open  from  the  ventricles 'and  auricles  into  a 
system  of  fine  branches  communicating  with  the  cardiac  capil- 
laries; or  (2)  through  the  coronary  veins,  which  may  convey 
a  backward  flow  of  blood  from  the  auricle  into  the  tissues  of  the 
heart." 

2.  Nutrition  of  heart  through  vessels  of  Thebesius. — These 
vessels  may  supply  the  cardiac  muscle  when  the  coronary  supply 
is  absolutely  cut  ofi';  the  mammalian  ventricular  beat  under 
proper  conditions  may  be  maintained  for  hours. 

(cs)  Anaesthetise  a  cat  with  ether,  perform  tracheotomy,  and  bleed  it  from 
a  cannula  tied  in  the  carotid  artery.  Deflbrinate  the  blood,  and  filter  it 
through  glass  wool. 

(6)  Expose  heart,  and  sever  it  from  its  connections.  The  still  beating 
heart  is  rinsed  in  saline  (o'g  p.c.).  Tie  a  cannula  about  the  size  of  an 
ordinary  quill  into  the  right  ventricle,  introducing  it  through  either  the 
right  auricle  or  pulmonary  artery.  Tie  it  in  with  a  ligature  passing  tightly 
around  the  base  of  the  heart  in  a  line  parallel  to  the  aurioulo-ventrioular 
groove,  and  below  the  coronary  sinus.  Thus,  fluid  introduced  into  the  right 
ventricle  through  the  cannula  can  find  no  outflow  except  through  the  vessels 
of  Thebesius. 

(c)  Place  heart  vertically,  and  fill  it  through  the  cannula  with  defibrinated 
blood. 

The  blood  must  be  kept  warm,  and  a,  perfusion  cannula  must  be  used — 
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the  latter  practically  one  tube  within  another,  with  a,  side  outflow  tube 
from  the  wider  tube  (fig.  292). 

Very  soon  regular  strong  co-ordinated  contractions  of  the 
ventricle  are  observed,  and  they  may  continue  for  hours,  even 
after  fibrillar  contractions  set 
in.  Attach  a  Marey's  tambour 
with  a  rubber  tube  to  the  top 
of  tlie  cannula,  and  take  a 
tracing  on  a  slow  drum. 

As  the  blood  flows  from  the 
outflow  tube  of  the  perfusion 
cannula  it  is  venous. 

The  beat  is  not  due  to  in- 
creased intra-ventricular  pres 
sure,  for  Ringer's  fluid  [for 
mammalian  tissues  NaOl  0-9 
p.c,  CaClj  o  02  p.c,  KCl  o-oi 
p.c.  water  distilled  in  glass 
(/''.  S.  Lockej\  under  equal  pres- 
sure fails  to  sustain  the  beat, 
while  blood  does.  [Also,  p. 
396-] 


Fig.  291  illustrates  the  mode  of 
securing  the  cannula  in  the 
ventricular  cavity  for  nutri- 
tion through  the  vessels  of 
Thebesius  [Pratt). 


Fig.  292.— Perfusion  apparatus  for  feeding  heart 
cavities.  Blood  placed  in  the  funnel  passes 
slowly —regulated  by  clamp — through  the  fine 
glass  tube  into  the  ventricle,  which  is  tied 
upon  the  cannula  (Fig.  291).  Each  beat  of 
the  ventricle  forces  the  nlood  through  the 
space  between  the  finer  inner  tube  and  the 
walls  of  the  cannula,  out  through  the  side 
branch,  and  thence  into  the  receiving  beaker. 
The  large  beaker  is  filled  with  saline  solution 
kept  at  normal  T°  {Pratt), 


Obviously  this  experiment  has  important  hearings  on  the 
question  of  cardiac  nutvition,  perhaps  both  in  health  and 
disease.     In  any  case,  the  vessels  of  Thebesius  are  capable  of 
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bringing  from  the  ventricular  cavities  to  the  heart  muscle  suflB.- 
cient  nutriment  to  maintain  long-continued  rhythmical  con- 
tractions. Coupled  with  the  observation  of  W.  T.  Porter  that 
"even  isolated  portions  of  the  mammalian  ventricle  supplied 
through  their  nutrient  arteries  with  a  small  quantity  of  serum 
at  a  very  low  pressure  will  maintain  rhythmical,  long-continued, 
forceful  contractions  when  surrounded  by  oxygen  at  high  tension," 
it  is  obvious  that  these  researches  add  much  to  our  knowledge  of 
the  condition  affecting  the  activity  of  cardiac  muscle. 

Perfusion  through  blood-vessels. — By  perfusing  blood  or  other 
fluids  through  the  blood-vessels  of  the  body,  or  through  isolated 
"  surviving"  organs,  much  may  be  learned  regarding  the  action 
of  drugs  and  other  conditions  on  the  blood-vessels.  The  blood- 
vessels of  the  frog  and  tortoise,  the  excised  kidney,  and  other 
organs  have  been  used  for  this  purpose. 

3.  Frog's  blood-vessels. 

(a)  Pith  a  frog,  expose  its  heart,  snip  one  aorta,  and  allow  the 
blood  to  flow  out.  Previously  make  a  fine  glass  cannula  with  a 
shoulder  on  it  (fig.  293).  Tie  the  cannula  in  one  aorta,  and 
include  the  otheir  aorta  in  the  ligature. 

(b)  Attach  the  cannula  to  a  rubber  tube  containing  normal 
saline  and  connected  with  a  glass  funnel  filled  with  the  same 
fluid  and  held  in  a  suitable  holder — e.g.,  a  ring  on  a  retort  stand, 
placed  about  6  to  7  inches  above  the  heart.  See  that  there  is 
no  air  in  the  connections,  and  that  the  cannula  is  filled  with 
normal  saline  by  means  of  a  fine  pipette  before  it  is  connected 
up  with  the  pressure  tube.  Put  a  clip  on  the  pressure  tube,  or 
arrange  two  funnels  in  a  double  filter  stand,  so  that  either 
funnel  may  be  used. 

(c)  Make  a  snip  in  the  sinus  venosus.  Hang  up  the  frog  on  a 
suitable  holder.  Take  the  clip  ofi'  the  pressure  tube  to  allow  the 
normal  saline,  or  Ringer's  fluid,  to  flow  into  the  blood-vessels 
and  thus  to  wash  out  all  the  blood.  Collect  the  outflow  fluid  in 
a  funnel  placed  in  a  graduated  measure. 

(d)  After  the  fluid  runs  clear,  collect,  measure,  and  record  the 
amount  every  five  minutes. 

(e)  Substitute  normal  saline  or  Ringer's  fluid,  to  which  some 
drug  has  been  added,  and  perfuse  it.  Note  the  effect.  If 
there  is  an  increased  outflow,  the  blood-vessels,  chiefly  the 
arterioles,  have  been  dilated.  If  less,  they  have  been  contracted. 
Record  the  results,  and,  if  necessary,  plot  a  curve  to  show  the 
result. 
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The  water- tortoise  may  he  used.  The  perfusion  oanimla  is  fixed  in  the 
third  or  fourth  aorta,  the  others  being  tied.  It  may  be  placed  in  a  glass 
funnel  during  perfusion. 

In  the  frog,  after  a  time,  there  is  considerable  distension  of  the 
lymph-sacs. 

The  student  should  keep  a  note  of  his  results,  and  plot  a  curve  on  paper 
divided  into  squares.  Make  the  base  line  represent  time,  and  the  vertical 
lines,  or  ordinates,  the  amount  of  outflow. 

Some  substances  greatly  contract  the  blood  -  vessels  —  e.g., 
extract  of  the  suprarenal  capsules  and  very  dilute  nitric  acid. 
The  former  is  specially  powerful  in  constricting  the  arterioles. 
{Schafer  and  Oliver.)  Others  dilate  the  vessels,  especially  the- 
nitrites,  ^-g^.  Test  the  eflfect  of  a  solution  of  "  extract  of 
■  meat." 

Pebfusion  Expbbiments. 


Water-Tortoiae. 

Fluid  been  running  60'. 

Pressure,  iS  cm. 


Water-Tortoise. 

Fluid  been  running  60'. 

Pressure,  18  cm. 


Frog. 

Fluid  been  running  20'. 

Pressure,  iS  cm. 


Time. 

i.o 
1. 10 

LIS 
1.20 

1.30 

1-35 

1.40 

1-45 

1.50 

I-5S 

2.0 

2-5 

2.10 

2.  IS 


Amount  of 
flow  in  c 


Out- 


o-S 


Time. 

3-0 

3-5 
3.10 

''3- "5 
3.20 
3-25 
3-3° 
3-35 
3- 40 
3-45 
3.50 
3-55 
4.0 
4-5 
4.10 
4.15 
4.20 
4.2S 
4-30 
4-33 
4.40 
4-45 
4.50 
4-55 

V5-0 


Amount  of  Out- 
flow in  c.c. 
=    15 
=    13 
=    11    i\s 


Time, 

2.  so 

2-55 

3-0 

3.10 

3-'S 

3.20 

3-25 

3-30 

3-35 


Amount  of  Out- 
flow in  c.c^. 

=  I4'S 

=  IS'S 

=  iS'Slo'S 

is-sJ  15  » 
suprarenal  extract.^ 
=  2'5 

=  2'0 

=  2*0 

ceased. 


^Made  by  Messrs.  Wil- 
lows, Francis  A  Butler, 
chemists,  Hulbom,  London. 


4.  Wash-out  blood-vessels  (frog). — (a)  A  pithed  frog's  heart  is  exposed. 
Place  a  ligature  under  both  aortae.  Tie  a  cannula  in  the  peripheral  end  of 
one  aorta  and  ligature  so  as  to  include  both  aortae.  Arrange  on  a  stand  a 
beaker  of  normal  saline.  In  it  place  a  glass  tube  with  rubber  tiibe  attached 
to  it  as  a  siphon  to  be  fixed  in  cannula.  No  air  bubbles.  Let  the  saline 
flow  into  the  aorta,  and  when  the  heart  is  distended  make  a  snip  in  an 
auricle  and  allow  the  saline  to  flow  freely  until  it  is  colourless  and  all  the 
blood  is  wftshed  out. 
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<6)  Observe  almost  colourless  condition  of  the  muscles,  the  yellow  liver. 
Such  a  frog  is  still  reflex.  Pfluger  and  Oertmann  (1877)  showed  that  such 
a  frog  still  breathed,  and  this  experiment  formed  an  important  link  in  the 
evidence  that  the  respiratory  exchanges  between  the  blood  and  the  tissue 
were  not  primarily  due  to  changes  in  the  blood  itself,  but  were  effective  in 
and  by  the  living  tissues. 

5.  Make  a  glass  cannula. — Heat  in  the  flame  of  a  blow-pipe  a  piece  of 
hard  glass  tubing  about  5  mm.  in  diameter.  When  it  is  soft,  take  it  out  of 
the  flame,  draw  it  out  gently  for  about  3  cm.  Allow  it  to  cool ;  make  the 
gas-jet  smaller,  heat  the  thin  drawn-out  part  of  the  tube,  and  draw  it  out 
very  slightly.  This  makes  a  shoulder  between  the  two  (fig.  293,  a).  Draw 
it  out  on  the  opposite  side.  With  a  triangular  file  just  scratch  the  narrow 
part  obliquely  between  the  two  constricted  parts,  and  break  it  across.  Two 
cannulse  with  a,  shoulder  and  an  oblique  narrow  orifice  are  thus  obtained. 
Round  oflF  the  oblique  edges  either  by  a  file,  rubbing  them  on  a  whetstone, 
or  heating  slightly  in  a  gas  flame.  Tie  a  piece  of  india-rubber  on  the  other 
end,  and  the  cannula  is  complete  (fig.  293,  6). 


Fig.  293.— Glass  cannula. 


LESSON   LXI. 


CARDIAC    IMPULSE— SOUNDS— CARDIOGRAPHS  — 
ILLUMINATED    HEART. 

The  phenomena  discoverable  in  connection  with  the  action  of 
the  heart  by  means  of  the  hand,  the  stethoscope,  and  cardio- 
graph applied  directly  over  the  pre-cordial  region  deserve  the 
closest  attention  of  the  student. 

1.  Cardiac  impulse  ("apex  beat")  Stethoscope.  Heart-sounds. — 
(a)  In  a  quiet  room  let  the  person  to  be  examined  stand  erect 
and  expose  his  chest.  Apply  the  flat  of  the  hand  and  feel  the 
cardiac  impulse  or  so-called  "apex  beat"  in  the  fifth  intercostal 
space  to  the  left  of  the  sternum,  apply  the  small  end  of  the 
stethoscope  over  this  spot,  and  the  ear  to  the  opposite  end  of 
the  instrument,  or  use  a  bin-aural  stethoscope.  The  left  hand 
may  be  placed  over  the  carotid  or  radial  artery  to  feel  the  pulse 
in  either  of  those  arteries ;   compare  the  time-relations  of  the 
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pulse  with  what  is  heard  over  the  cardiac  impulse.  Count  the 
number  of  heart  beats  in  relation  to  the  respirations.  Auscultate 
both  when  the  person  breathes  normally,  and  when  he  holds  his 
breath. 

(6)  Two  "heart-sounds"  are  heard — the  first  or  systolic  coin- 
cides with  the  impulse,  and  is  followed  by  the  second  or  diastolic. 
Then  there  is  a  pause,  and  the  cycle  again  repeats  itself.  The 
first  sound  corresponding  with  ventricular  systole  and  largely 
caused  by  the  rapid  increase  of  tension  of  the  ventricles,  is 
longer  and  deeper  than  the  second,  which  is  of  shorter  duration 
and  sharper,  and  is  caused  by  the  tension  of  the  aortic  and 
pulmonary  valves.     Note  pitch,  quality,  and  duration  of  sounds. 

(c)  Place  the  stethoscope  over  different  parts  of  the  prsecordia, 
noting  that  the  first  sound  is  heard  loudest  towards  the  apex, 
where  the  ventricle  comes  nearest  the  surface,  while  the  second 
is  heard  loudest  at  the  second  right  costal  cartilage  at  its  junction 
with  the  sternum — i.e.,  where  the  aortic  arch  com^s  nearest  the 
surface.  In  this  case  the  sound 
is  conducted  from  the  places 
where  it  is  produced — i.e.,  '  at 
the  sigmoid  valves  towards  the 
part  of  the  aorta  nearest  the 
surface. 

'  {d)  The  student  can  study  his 
own  heart  beats  by  using  a 
wooden  tobacco  pipe  with  a 
rubber  tube  attached  to  its 
stem.  The  mouth-piece  of  the 
pipe  is  fixed  into  the  free  end  of 
the  tube.  The  open  bowl  of  the 
pipe  is  placed  over  the  heart, 
and  the  pipe  mouth-piece  in  the 
ear. 


Fig.  294. — Marey's  cardiograph,  p,  Button 
placed  over  cardiac  impulse  ;  s,  Screw 
to  regulate  the  projection  otp;t,  Tube 
to  other  tambour. 


2.  Cardiographs. — There  are  many  forms.  Use  Marey's  (fig. 
294). 

(a)  Place  the  patient  recumbent  with  his  head  supported  on  a 
pillow.  The  body  may  be  turned  towards  the  left.  Sometimes 
good  results  are  obtained  when  the  person  sits  near  the  table. 
Feel  for  the  cardiac  pulse  between  the  fifth  and  sixth  ribs  on  the 
left  side,  and  about  half  an  inch  inside  the  mammary  line.  Mark 
the  spot. 

(b)  Arrange  cardiograph  by  coiinecting  it  with  thick-walled 
rubber  tubing  to  a  recording  Marey's  tambour  adjusted  to  write 
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on  a  drum.  It  is  held  in  position  by  a  band  or  wide  tape  pass- 
ing round  the  body.  Arrange  between  the  receiving  and  record- 
ing tambours  a  valve  (rate  0'5  cm.  per  sec.)  or  T-tube  capable  of 
being  opened  and  closed,  to  allow  air  to  escape  if  the  pressure  be 
too  great. 

(c)  Place  the  button  of  the  cardiograph,  p,  over  the  region 
where  the  cardiac  impulse  is  best  felt.  Take  a  tracing  or  cardio- 
gram. Study  it.  It  shows  the  steep  ascent  corresponding  to  the 
sudden  contraction  and  hardening  and  increase  in  tension  of  the 

ventricles,  the  sudden 
descent  due  to  ventri- 
cular diastole,  and 
between  the  two  a 
gently  sloping  line — 
systolic  plateau — which 
marks  the  period  of 
outflow  from  the  ven- 
tricles. The  auricular 
contraction  may  be 
recorded.  It  is  small, 
and  precedes  the  ven: 
tricular  systole  (fig. 
296). 

While  the  cardio- 
gram' is  being  re- 
corded,, listen  to  the 
heart-soiinds  with  a 
stethoscope  and  try  to 
determine  with  which 
part  of  the  cardiogram 
the  first  and  second 
sounds       respectively 

Fig.  295. — Shows  a  receiver  tambour  or  cardiograph  correspond.      O^mpare 

coupled  to  a  reoordiDgtambourwithairtransmlssion  tjjg  cardiac  sounds  and 

and  valve  in  elastic  tube.    The  tambour  is  so  made  .  ,         ,  . 

that  it  can  record  either  on  a  vertical  (upper  figure)  impulse  phenomena  in 

or  horizontal  drum.    Made  by  Petzold.  ^^^^    ^j^j^    ^j^g    j^jjjg^j 

pulse. 

Compare  the  tracing  with  that  taken  from  other  members  of  the  class. 
In  locating  the  position  of  greatest  cardiac  impulse,  use  the  bony  land- 
marks rather  than  the  nipple.  Compare  this  position  in  different  indi- 
viduals. 

3.  Swallowing — Effect  on  heart-beats  (man)  {Reflex  augmentor 
tion). — With  a  watch  in  front  of  you  count  your  own  pulse-beats 
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per  minute,  and  then  slowly  sip  a  glass  of  water,  still  keeping  your 
finger  on  the  pulse.  Note  the  increase.  It  is  better  when  two 
students  work  together — one  counting  the  pulse,  while  the  other 
swallows  the  fluid.  This  is  due  to  the  inhibitory  action  of  the 
vagus  being  set  aside  re- 
flexly  (fig.  297). 

If  the  pulse-beats  be 
recorded  it  is  found  that 
not  only  the  rate  but  also 
the  force  of  the  beat  is 
modified  (fig.  297).  In 
fact,  stimulation  of  almost 
any  afferent  nerve  can 
reflexly  modify  the  force 
and  frequency  of  the 
heart-beat — e.g.,  stimula- 
tion of  central  end  of 
vagus,  sciatic. 

4.  Reflex  inhibition  of 
heart  (rabbit). — Place  one 
hand  over  the  chest  of  a 
rabbit  and  feel  the  beat- 
ing of  the  heart.  With 
the  other  hand  suddenly 
close  its  nostrils,  or  bring 
a  little  ammonia  or  chloro- 
form near  the  nostrils,  so 
as  to  cause  the  animal  to 
close  them.  Almost  at 
once  the  heart  is  felt  to 
cease  beating  for  a  time, 
but  it  goes  on  again. 

5.  Beflez  cardiac  inMbition 
(frog)  {Ooltz'a  tapping  experi- 


Pig.-  297.— Effect  on  pulse-beat  of  swallowing 
fluid.    Deg,  Deglutition ;  P  R,  Pulse-beats. 


Fig.  296. — Human  cardiogram,  a  b,  Systole  of 
ventricles  indicating  increased  tension ;  b  c, 
"  Systolic  plateau ; "  b'c',  Duration  of  outflow 
time;  a'ii',  Duration  of  systole  of  ventricles. 


(a)  Destroy  the  cerebrum 
and  optic  lobes  of  a  frog,  or 
lightly  etherise  an  intact  frog. 
Fin  it  out  on  a  frog-plate, 
attach  the  heart  to  a  suspen- 
sion lever,  or  count  the  number  of  beats.  The  lever  method,  however,  is  far 
more  impressive.  Open  the  abdominal  cavity,  expose  the  intestines  and 
tap  them  rapidly  with  the  handle  of  a  scalpel.  The  heart  either  ceases  to 
beat  for  a  time,  being  arrested  reflexly,  or  its  frequency  is  diminished. 
The  afierent  (centripetal)  nerve  is  the  sympathetic  in  the  abdomen,  and  the 

27 
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efferent  (centrifugal)  the  vagus  (Bernstein).  In  a  lightly  etherised  frog  the 
experiment  fails  when  both  vagi  are  out.  Tapping  arrests  the  heart  more 
promptly  if  the  intestines  are  slightly  inflamed  by  exposure  to  the  air 
( Ta/rchanqff). 
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{b)  It  suffices  to  exert  firm  pressure  over  the  abdomen  to  produce  this 
reflex  arrest  of  the  heart. 

6.  Polygraph  of  KnoU  and  Itothe. — It  can  be  used  to  take  simul- 
taneously cardiac  impulse  and  a  pulse  tracing,  or  respiratory  movements 
and  a  pulse  tracing,  or  two  pulse  tracings.  It  consists  of  a  drum,  F, 
moved  by  clockwork  within  the  box,  D,  K  is  a  catch  for  setting  D  in 
motion.  M  is  a  time-marker  beating  seconds.  H,  H  are  two  Marey's 
registering  tambours  adjustable  on  the  stand,  C.  B  is  a  tambour  which 
can  be  fixed  over  an  artery  or  over  the  cardiac  impulse,  while  A  is  a  bottle- 
shaped  caoutchouc  bag  which  can  be  strapped  to  the  body  for  studying  the 
respiratory  movements  (fig.  298). 


Fig.  :g9.— Effect  of  thoracic]respiratory  movements  on  cardUc  impulse. 

(as)  Adjust  the  tambour,  B,  over  the  cardiac  impulse,  and  fix  the  bag.  A, 
on  the  abdomen  so  as  to  recordjsimultaneously  the  cardiac  impulse  and  the 
respirations  (fig.  299).  The  experimenter  may  also  take  a  tracing  of  the 
cardiac  impulse  while  the  respiration  is  arrested^ 


Pig.  300.— Eeceivlng  tambour  of  polygraph  on  .an  artery. 


(6)  Take  a,  tracing  of  the  radial  pulse  and  the  respiratory  movements. 
Fig.  300  shows  how  the  receiving  tambour  is  adjusted  over  an  artery.     At 
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the  same  time  record  the  respirations,  and  note  in  the  tracing  (fig.  301)  how 
the  number  and  form  of  the  pulse-beats  vary  during  inspiration  and  expira- 
tion— ^the  number  being  greater  during  inspiration. 


Fig.  301.— P,  Tracing  of  radial  pulse ;  S,  Respirations ;  T,  Time  in  seconds. 

(c)  Take  simultaneously  a  tracing  of  radial  pulse  and  cardiac  impulse 
(fig.  302). 


Fig.  302.— P,  Kadial  pulse ;  H,  Cardiac  impulse ;  T,  Time  in  seconds. 

7.  Meiocardla  and  Auzocardla  (Ceradmi). 

(a)  Bend  a  glass  tube  about  20  mm.  in  diameter  into  a  semicircle,  ■with  a 
diameter  of  about  6  to  8  inches.  Taper  off  one  end  in  a  gas-flame  to  fit  a 
nostril,  and  draw  out  the  other  end  of  the  tube  to  about  the  same  size. 
Bound  off  the  edges  of  the  glass  in  a  gas-flame. 
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(6)  Fill  the  tube  with  tobacco-smoke.  Place  one  end  of  the  tube  in  one 
nostril,  close  the  other  nostril,  cease  to  breathe,  but  keep  the  glottis 
open.  Observe  that  the  smoke  is  moved  in  the  tube,  passing  out  in  a 
small  pu£F  during  auxocardia — i.e.,  when  the  heart  is  largest — while  it 
is  drawn  farther  into  the  tube  during  meiocardla — i.e.,  when  the  heart  is 
smallest. 

These  movements,  sometimes  called  the  "cardio-pneumatic  movements," 
are  due  to  variations  in  the  size  of  the  heart  during  its  several  phases  of 
fulness,  whereby  the  volume  of  air  in  the  lungs  is  altered  (S.  J.  Meltzer, 
Amer.  Jormm.  of  Phys.,  i.,  1898). 

8.  Simple  cardiograph. — This  may  be  made  by  tying  a  rubber  membrane 
over  the  wide  end  of  a  thistle  glass  tube  or  glass  funnel,  and  fixing  a  bone 
collar-stud  (button)  on  the  centre  of  the  membrane,  connecting  this  up  by 
means  of  rubber  tubing  with  a 

recording  tambour,  and  intro- 
ducing a  T-shaped  tube  to  act 
as  a  valve,  which  can  be  closed 
when  the  record  is  being  taken. 
The  method  of  air-transmission 
is  largely  used  for  clinical  pur- 
poses (Porter). 

9.  Rutherford's  scheme  of 
heart  ■  circulation. — The  heart 
of  a  sheep  is  pr^ared  (Tja/ncet, 
February  17,  1872).  Funnels 
are  tied  in  the  receiving  cham- 
bers and  tube^  in  the  outlet 
vessels,  P.  A.  and  A.  P.  A.  tube 
discharges  into  the  L.A. — this 
represents  the  pulmonary  circuit 
— the  A  tube  into  the  R.A. — 
this  represents  the  systemic 
course.  On  pouring  coloured 
water  into  the  R.A.  and  rhyth- 
mically compressing  the  heart, 
the  fluid  passes  in  an  orderly 
course  through  the  heart.  Study 
the  competency  of  the  valves. 

10.  Illuminated  Ox-Heart 
(Gad)  arranged  previously  (fig. 
303). — Two  lirasB  tubes  with 
glass  windows  are  tied,  one  in 
the  L.  A. ,  <2  (7  cm.  diameter),  and 
the  other,  c,  in  the  aorta  (5  cm. 
diameter).  These  are  connected 
with  a  reservoir,  B.  The  interior 
of  the  heart  is  illuminated  by  an 
electric  lamp,  I,  introduced  through  the  apex.  In  the  apex  is  tied  a  brass 
tube,  which  is  connected  with  a  large  rubber  bag  with  thick  walls,  P.  Fill 
the  cardiac  system  with  water.  Compress  the  elastic  bag,  fluid  is  driven 
onwards,  when  the  play  of  the  valves  can  be  seen.  On  relaxation,  the 
mitral  cusps  open  and  the  aortic  cusps  close. 

Remove  the  glass  windows  of  the  rubber  tubes,  and  preserve  the  heart 
in  10  p.  c,  chloral  hydrate. 


Fig. 


tie'- 


Scheme  of  Gad's  apparatus  to  show 
e'play  of  the  heart-valves.  A^  L.  auricle ; 
d^  Its  window,  and  communicating  with  6, 
the  inlet  tube  for  water  from  the  reservoir, 
iJ ;  F,  L.  ventricle,  illimiinated  by  an  electric 
lamp,  Z,  and  communicating  with  the  elastic 
bag,  P;  c,  Grlass  window  fixed  in  tube  in  aorta ; 
a.  Tube  carrying  fluid  to  the  reservoir. 


422 


PRACTICAL  PHTSIOLO&Y, 


[lxii. 


H.^Phonendoscope  (fig.  304). — It  is  shaped  like  a  large  watch,  the  front 
part  being  composed  of  two  (Uses,  one  lying  above  the  other.  The  interior 
disc  is  the  more  sensitive ;  the  second  disc  can,  if  necessary,  be  easily 
taken  off,  leaving  the  interior  one  vmoovered.  To  examine  limited  parts 
(for  instance,  the  sounds  of  the  arteries  and  the  heart),  screw  the  small  rod 
into  the  outer  disc,  and  press  it  cautiously  and  gradually  against  the  part 
to  be  examined.  The  ends  of  the  tube  are  inserted  into  the  auditory 
meatus.  .  By  using  Y-tubes,  three  students  can  simultaneously  listen  to 
any  sound. 


Fig.  304.— Phonendoscope. 


LESSON  LXII. 
JPULSE— SPHTGMOGRAPHS— SPHYGMOSCOPE. 

1.  Feel  radial  pulse— *.&,  Pressure  pulse. 

(o)  Feel  the  radial  pulse  of  a  fellow-student,  count  the  numher 
of  beats  per  minute ;  compare  its  characters  with  your  own  pulse, 
including  its  volume  and  compressibility.  Feel  the  artery  with 
the  ball,  not  the  tips  of  the  first,  second,  and  third  fingers. 
Observe  how  its  characters  and  frequency  are  altered  by  (i) 
muscular  exercise ;  (2)  a  prolonged  and  sustained  deep  inspira- 
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tion ;  (3)  prolonged  expiration ;  and  (4)  other  conditions — e.g., 
recumbent,  sitting  up,  standing  erect,  effect  of  swallowing 
fluids. 

(6)  Feel  the  radial  pulse  and  cardiac  impulse  simultaneously. 
Note  that  the  former  is  not  synchronous  with  the  latter ;  the 
wrist  pulse  occurs  about  \  second  after  the  heart-beat — i.e.,  the 
pulse-wave  takes  this  time  to  travel  from  heart  to  the  radial 
artery. 

(c)  Listen  to  the  heart-sounds  and  at  the  same  time  feel  the 
radial  pulse.  The  pulse  is  felt  after  the  first  sound  about  mid- 
way between  the  first  and  second  sounds. 

(d)  By  appropriate  recording  apparatus  one  can  readily  show  that  the 
pulse  is  not  simultaneous  throughout  the  arterial  system  ;  thus  the  carotid 
precedes  the  femoral,  &c.     (Lesson  LXIV.) 

2.  Sphygmograph. — Many  forms  have  been  constructed  and 
discarded.  Study  the  two  chief  methods  of  transmitting  the 
pulsatile  movement  of  the  artery — 

(i.)  Direct, 
(ii.)  Transmission. 
In  the  former  the  movement   of  the  artery  is  transmitted 
directly  to  a  recording  lever ;  in  the  latter  the  radial  movement 
can  be  transmitted  to  a  distance  by  air-transmission  and  re- 
corded. 

I.  Direct  spbygmographs. 

Marey's  sphygmograph. — (a)  Let  the  patient  seat  himself  at  a 
table,  and  place  his  forearm  on  the  double-inclined  plane  (fig. 
305),  which,  in  the  improved  form  of  the  instrument,  is  the  lid 
of  the  sphygmograph  case.  Semiflex  the  fingers,  so  that  the 
back  of  the  wrist,  resting  on  the  plane,  makes  an  angle  of  about 
30°  with  the  dorsal  surface  of  the  hand. 

(6)  Mark  the  position  of  the  radial  artery  with  an  aniline 
pencil.  Wind  up  the  clock,  H,  apply  the  ivory  pad  exactly 
over  the  artery  where  it  lies  on  the  radius,  and  fix  it  to  the  arm 
by  the  two  elastic  straps,  K,  K.  The  sphygmograph  must  be 
parallel  to  the  radius,  and  the  clockwork  next  the  elbow.  Cover 
the  slide  with  glazed  paper,  smoke  it  with  camphor  soot,  fix  it  in 
position,  and  arrange  the  writing-style,  C,  to  write  upon  the 
smoked  surface,  G,  with  the  least  possible  friction.  Regulate 
the  pressure  upon  the  artery  by  means  of  the  milled  head,  L — 
i.e.,  until  the  greatest  amplitude  of  the  lever  is  obtained. 

(c)  Set  the  clockwork  going,  and  take  a  tracing.      Fix  and 
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study  the  tracing  (fig.  306).    Join  the  bases  of  the  respectire 
beats,  and  note  the  form  of  the  curve  or  "  respiratory  line." 


Fig.  305.— Marey's  sphygmograph  applied  to  tlie  arm. 


Fig.  306.— JRadial  artery  pulse-tracings  (Marey's  sphygmograph).    A,  hard ;  B,  soft  pulse. 


3.  Dudgeon's  sphygmograph  (fig.  307). 

(a)  Fix  and  adjust  the  instrument  on  the  radial  artery.  Smoke 
the  band  of  paper,  insert  it  between  the  rollers,  and  take  a  trac- 
ing. The  magnification  from  the  arrangement  of  the  lever  is  25- 
fold.     Study  the  tracing  (fig.  308). 

(5)  Jtichardson's  Tnodification. — In  this  the  strip  of  blackened  paper  is 
carried  between  two  revolving  rollers,  but  the  upper  one  is  furnished  with 
toothed  flanges,  which  record  a  series  of  interrupted  lines,  2  mm.  apart,  on 
the  blackened  paper  (fig.  309). 


Fig.  308.—  Tracing  of  radial  pulse  taken  with  Dudgeon's  sphygmograph. 


Fig.  309. — Sphygmogram  taken  with  Kichardson's  modification  of 
Dudgeon's  sphygmograph. 


4.  Ludwig's  sphygmograph  (fig.  310)  is  modified  from  Dudgeon's,  but  a 
larger  framework  ensures  its  application  to  the  forearm,  while  by  the 
arrangement  (fig.  311)  the  arm  is  kept  in  the  same  position. 

In  a  normal  pulse  tracing  (figs.  308,  312)  observe  the  unbroken 
ascent  and  the  more  gradual  but  diversified  descent. 
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Fig.  310— Ludwig's  sphygmograph,  made  by  Petzold  of  Leipzig. 


Fig.  3ii.-ludwig'B  arm  support  for  sphygmograph  (Petzold,  Leipzig). 
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In  the  descent  note  the  predicrotic  wave  if  present,  the 
dicrotic  notch  and  dicrotic  and  post-dicrotic  waves  if  present. 
Note  also  differences  between  "a 
soft  and  a  hard  pulse.  In  the 
former  the  predicrotic  wave  may  be 
absent  or  very  small.  In  fig.  301 
join  the  bases  of  all  the  percussion 
waves,  and  note  the  character  of  the 
curve  =  "respiratory  line."  These 
bolder  and  longer  curves  are  due  to 
the  effect  of  the  respiratory  move- 
ments. 

II.  Transmission  Sphygmographs. 
— These  are  most  useful,  because  one 
can  combine  a  record  of  the  pulse 
with  a  cardiograph  record  or  a  record 
from  another  artery.  The  principle 
is  the  application  of  a  tambour  of 
some  kind  over  the  artery,  which  is 
connected  to  a  recording  tambour  by 
means  of  a  rubber  tube — i.e.,  "air 
transmission." 

5.  Marey's  transmission  sphygmo- 
graph. 

Fig.  313  shows  the  form  used  by 
Marey.  A  slightly  modified  form 
was  made  by  Brondgeest,  and  called 
"  pansphygmograph." 

6.  Hiirthle's  transmission  sphygmo- 
graph. — Most  sphygmographs  are  so  ad- 
justed to  the  arm  as  to  interfere  with  the 
return  of  venous  blood,  and  this  is  found 
to  affect  the  pulse-curve,  a  defect  avoided 
by  this  instrument.  It  consists  of  (i.)  a 
spring  clutch,  Kl  Kl,  fixed  to  the  wrist, 
and  (ii.)  a  tambour,  T,  fixed  to  Kl  by  the 
angle-plate,  R.  On  the  spring,  Kl,  are  two 
leather-covered  pads,  P,  and  P,,,  grasping 
the  lower  end  of  the  radius  and  ulna,  which 
can  be  regulated  by  the  screw,  Schi.  Thus 
the  veins  on  the  volar  and  dorsal  surfaces 
are  free  and  uncompressed. 

The  knob,  K,  is  adjusted  over  the  radial 
artery,  the  tambour  is  lowered  till  K  com- 
presses the  radial  artery,  when  the  whole  is  fixed  in  position  by  the 
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screw,  ScJi,,.  Connect  the  receiving  tambour  with  the  recording  tambour 
in  the  usual  way.  This  is  a  most  efficient  transmission  sphygmograph. 
As  the  membrane,  M,  of  the  tambour  represents  the  spring  of  the  sphygmo- 
graph, and  has  to  compress  the  artery,  it  must  not  be  made  of  too  thin 
rubber  (PflUg.  Arch.,  Ixxii.,  583,  1898). 


e.iALixia:c'-f 


Fig.  313.— Marey's  transmission  sphygmograph,  made  by  Verdin.  The  pad,  3,  of  the 
sphygmograph  rests  on  the  artery,  and  conveys  its  movement  to  the  adjustable 
receiving  tambour,  GFB,  and  through  jB  communicates  with  a  recording  tambour,  A. 


Fig.  314.— Hiirthle's  transmis- 
sion sphygmograph  for  the 
radial  pidse. 


7.  NaU  Pulse.  —  Digital  sphygmograph 
("Onchyograph").  Several  forms  of  this  in- 
strument are  now  in  use.  Laulani^  (1899) 
allows  a  light- weighted  lever  to  rest  upon  the 
finger  nail  so  as  to  be  set  in  motion  by  the 
pulsating  vessels  of  the  nail  bed.  It  seems 
to  be  a  pressure  pulse  of  the  arterioles.  Waller 
has  modified  this,  and  his  instrument  is  shown 
in  Fig.  315.  It  consists  of  a  rather  stiff 
spring,  S,  and  a  movable  support,  A ,  between 
which  the  tip  of  the  finger  is  inserted.  The 
lever,  L,  magnifies  the  movements.  The 
method  of  its  application  is  obvious.  Try 
Valsalva's  experiment  or  Mtiller'a  experiment 
{La,u\a,m6,  Jovm.  of  Phys. ,  xxiii.,  1899;  Herz, 
Wiener  Klmik,  165,  1896  ;  Waller,  Brit.  Med. 
J  (mm.,  1900.) 

8.  Amyl  Nitrite. — (a)  With  the  sphygmo- 
graph adjusted,  take  a  tracing,  and  then  place 
two  d/rops — Tiot  more — of  amyl  nitrite  on  a 
handkerchief,  and  inhale  the  vapour.  Within 
fifteen  to  thirty  seconds  it  affects  the  pulse, 
lowering  the  tension,    the    tracing  present- 
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ing  all  the  characters  of  a  soft-pulse  tracing,  with  a  well-marked  dicrotic 
wave. 

9.  Gas  sphygmosoope  (fig.  316). — Connect  the  inlet  tube  of  the  instru- 
ment with  the  gas  supply.  Light  the  gas  flame,  6.  Apply  the  rubber 
membrane,  a,  over  the  radial  artery,  and  observe  how  the  flame  rises  and 


Fig.  315.— Digital  sphygmograpli  of  Waller  applied  to  the  nail  of  the  fore-flnger. 


Fig.  316.— Sigmund  Mayer's  gas  sphygmosoope,  made  by  K.  Eothe  (Leipzig). 

falls  with  each  pulse-beat.  Take  a  deep  expiration,  and  observe  the 
dicrotism  in  the  gas  flame.  Del^pine's  form  is  convenient  {Brit,  Med. 
Joum.,  1891). 

10.  Piston  recorder— Plethysmograph  (volume  pulse).— Use  the  air- 
piston  recorder  of  Ellis,   and  take  a  plethysmographic  tracing  of  the 
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variations  of  the  volume  of  a  finger.  The  piston  of  the  recorder  must  be 
lubricated  with  an  essential  oil — e.g.,  clove  (Jcmm.  of  Phys.,  vii.,  309, 
i886.) 

11.  Influence  of  respiration  on  pulse. 

(i.)  Valsalva's  Ezperiment. — Arrange  as  in  (5),  but  make  a  prolonged 
vigorous  expiration.  Note  fall  in  pulse-beats.  After  filling  the  chest  by  a 
deep  inspiration,  the  nostrils  or  glottis  are  closed,  and  a  forced  expiratory 
efibrt  is  then  produced.  There  is  thus  a  positive  intra-thoracio  pressure, 
and  consequently  the  thoracic  organs  are  compressed,  and  the  venous 
return  interfered  with.  The  first  efieot  of  the  forced  expiratory  effort  is  to 
raise  the  B.P.,  more  blood  forced  out  through  aorta,  but  this  is  only 
temporary.  The  great  veins  in  the  thorax  are  compressed,  the  left  ventricle 
receives  less  blood,  the  blood-pressure  falls,  and  each  pulse-beat  is  less. 
Try  this  with  the  nail  apparatus.  It  is  difficult  to  keep  the  arm  sufficiently 
still  while  making  the  forced  expiratory  effort. 

(ii.)  Milller's  Experiment  (1838). — Close  the  mouth  and  nostrils  and 
then  make  a  forced  prolonged  hwpiratory  effort.  Before  doing  so,  feel  the 
radial  pulse,  and  keep  feeling  it.  The  pulse-beat  ceases.  The  intra- 
thoracic vessels  are  filled  with  blood,  and  the  distended  auricles  are  unable 
to  contract. 

[See  Graham  Steell,  The  Sphygmogra/ph,  igoo;  M.  v.  Frey,  Die 
JJntersuchung  des  Pvlses,  1892.] 
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INSTRUMENTS  FOR  MEASURING  AND  RECORDING 
BLOOD-PRESSURE  IN  MAN. 

Estimation  of  blood-pressure  in  man. — Besides  the  sphygmograph, 
■when  calibrated  or  graduated,  various  forms  of  sphygmometers 
have  been  used,  and  a  great  many  discarded. 

1.  Haemo-dynamometer  or  pulse-pressure  gauge  of  G,  Oliver  (fig. 
317). — The  blood-pressure  is  determined  through  a  stratum  of 
fhiid  in  a  small  rubber  bag  or  tambour,  as  solid  pads  yield 
fallacious  results.  ■  The  pressure  in  the  tambour  is  made  to 
equal  that  of  the  blood  in  the  artery.  The  venous  as  well  as  the 
arterial  blood-pressure  may  be  observed  and  recorded.  The 
instrument  is  watch -like  in  form,  with  a;  dial'  2  ioches  in 
diameter,  and  a  spiral  pressure  scale  ranging  from  b  v6  250  or 
300  mm.  Hg.     Each  10  mm.  equala^^iia^ce  of  about  i  cm. 

(a)  Instrument. -T Apply  tlip,i,padj('fig.  31&)  over  the  site  of  the  vessel 
(artery  or  vein).     Pres^re  is  'then  ma4^  ^  pushing  forward  the  body  of 
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the  instrument,  when  the  indicator  will  rise  on  the  dial  and  show  the  exact 
degree  of  pressure  brought  to  bear  on  the  pad  and  the  vessel. 

(6)  To  observe  arterial  Uood-preasure.  —  Determine  the  mean  arterial 
pressure  and  the  obliterating  arterial  pressure.  The  former  is  by  far  the 
more  important  in  clinical  work.  To  measure  the  pressure  required  to 
arrest  the  pulsations  of  an  artery  {the  obliterating  arterial  pressure)  press 
the  pad  over  the  radial  artery  until 
the  pulsation  ceases  to  be  felt  by  the 
finger  placed  on  the  distal  side  of  it. 

(c)  For  the  mean  arterial  pressure 
select  any  superficial  artery  —  e.g., 
radial.  The  wrist  is  bent  at  an  angle 
of  about  45°,  so  as  to  slightly  project 
the  vessel  on  its  bed,  while  the  arm 
rests  on  its  ulnar  side.  The  wrist 
should  be  on  a  level  with  the  ensiform 
cartilage  in  the  erect  (sitting  or  stand- 
ing) postures,  and  with  the  back  in  the 
recumbent  posture.  The  pad  is  placed 
over  the  site  of  the  artery,  and  the 
instrument  is  pushed  gently  forward 
in  the  horizontal  position  (dial  upper- 
most). The  indicator  will  then  rise  on 
the  scale,  and  begin  to  pulsate  when 
measuring  50  mm.  or  more.  The  pulsa- 
tions gradually  increase  in  size  until 
a  point  is  reached  when  they  attain 
their  largest  excursion,  beyond  which 
they  as  gradually  diminish.  The  read- 
ing of  the  mean  arterial  pressure  is 
made  when  the  pulsations  have  ac- 
quired their  fullest  development ;  then 
the  observer  has  raised  the  fluid  pressure  in  the  bag  so  that  it  just 
balances  the  blood-pressure  in  the  artery.  The  mean  of  this  maximum 
excursion  indicates  the  mean  arterial  pressure,  and  the  reading  is  made  at 
that  point. 

(cJ)  To  observe  venous  blood-pressure. — Select  a  piece  of  vein  free  from 
branches  or  anastomosis  on  the  back  of  the  hand  or  on  the  arm.  Press  the 
pad  over  the  peripheral  end  of  it  until  50  to  100  mm.  are  recorded. 
Empty  the  vein  by  drawing  the  finger  over  it  in  the  direction  of  the  heart. 
The  vein  will  then  remain  collapsed  if  provided  with  an  efficient  valve ; 
but  if  it  refills  a  finger  must  be  kept  over  the  central  end  of  the  collapsed 
vein,  or  another  length  of  vein  furnished  with  a  valve  must  be  selected. 
Then  gradually  reduce  the  pressure  on  the  pad  until  a  point  is  reached 
when  the  vein  refills,  when  the  exact  pressure  indicated  must  be  read. 

Dr.  Oliver  finds  (i. )  that  there  is  considerable  uniformity  of  the  Tnean 
arterial  pressure,  provided  the  observation  is  made  at  the  same  hydrostatic 
level. 

(ii.)  Oravitation  affects  equally  the  arterial  and  venous  blood-pres- 
sures. 

(iii.)  Posture. — In  healthy  and  vigorous  subjects  recumbency  aflbrds  a 
lower  reading  than  obtains  in  the  erect  postures,  arterial  pressure  being 
10  or  15  mm. — i.e.,  10  or  15  p.c. — less,  and  the  venous  pressure  being  as 
much  as  50  p.c.  less. 


rjiiiiBFr 


Fig.  317.— Hsemo-dynamometer  of  G 
Oliver,  as  made  by  Hawksley. 
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(iv.)  JExercise  raises  both  the  arterial  and  venous  pressureB ;  but  rest 
(and  especially  recumbent  rest)  causes  it  to  quickly  subside. 

(e)  The  mean  artericU  pressure  in  the  recumbent  posture  (the  wrist  being 
extended  on  a  level  with  the  back)  is  90  to  no  mm.  Hg  ;  and  in  the  erect 
(sitting  or  standing)  postures  (the  wrist  being  on  a  level  with  the  ensiform 
cartilage)  100  to  120  mm.  Hg. 

(/)  The  venous  pressure  in  recumbency  is  from  10  to  20  mm.  Hg,  and  in 
the  erect  postures  20  to  40  mm.  Hg  (modified  from  Sdin.  Med.  Joum., 
1898,  and  The  Blood  and  Blood-pressure,  G.  Oliver,  1901). 


Fig.  318. — l£ode  of  applying  instrument  over  radial  artery. 

2.  Sphygmometer  (pocket  form)  of  Hill  &  Barnard  (fig.  319). 

A.  Pocket  form. 

(a)  Arterial  pressure. — Place  the  wrist  on  the  same  level  as  the  heart. 
Note  the  pulse  frequency. 

(6)  Hold  the  sphygmometer  in  the  vertical  position.  Open  the  tap  and 
press  the  edge  of  the  rubber  bag  upon  the  table  until  the  fluid  rises  to 
zero ;  then  close  the  tap. 

(c)  Having  set  the  fluid  at  zero,  press  the  rubber  bag  upon  the  radial 
artery  until  the  maximal  pulsation  of  the  fluid  is  obtained.  Bead  the 
pressure  indicated  on  the  scale  graduated  in  nun.  of  Hg  at  that  point. 
Suppose  the  pulsation  is  maximal  between  no  and  120  mm.  Hg,  then  the 
mean  arterial  pressure  equals  115  mm.  Hg.  The  normal  average  pressure 
in  young  men  is  no  to  120  mm.  Hg  in  the  standing,  and  100  to  no  mm. 
Hg  in  the  recumbent  postvu:e.  The  pulse  frequency  does  not,  as  a  rule, 
vary  more  than  five  beats  per  minute  in  the  two  positions. 

{d)  Venous  presBwe. — On  the  back  of  the  hand  choose  a  length  of  vein 
free  from  anastomosis,  and  press  the  sphygmometer  upon  the  peripheral 
end  of  this.      Then  empty  the  vein  centrally  with  the  finger.      Next, ' 
gradually  reduce  the  pressure  of  the  sphygmometer,  and  note  the  exact 
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pressure  at  which  the  vein  refills  with  blood  (abbreviated  from  Hill's 
deBcription), 

(e)  Coupillary  pressure. — Place  the  hand,  palm  down,  on  a  table.  Place 
a  small  glass  square  with  a  vertical  glass  stem  and  top  piece  attached 
on  the  thin  skin  at  the  root  of  the  nail  of  the  middle  finger.  Press  the 
sphygmometer  upon  the 
upper  end  of  the  glass 
rod  until  the  skin  just 
blanches,  and  read  the 
pressure. 

B.  Another  form. 

The  instrument  is  fas- 
tened to  the  arm  as 
shown  (fig.  320). 

"  When  the  rubber 
bag  presses  upon  the 
outside  of  the  arterial 
wall,  with  a  pressure 
equal  to  the  mean  pres- 
sure exerted  within,  the 
wall  is  able  to  oscillate 
with  the  greatest  free- 
dom. In  systole  the 
artery  is  fully  ex- 
panded, while  in  dias- 
tole it  is  collapsed  by 
the  pressure  of  the  bag. 

"  (a)  Screw  valve.  A, 
to  pump  tightly,  screw 
the  other  end  of  valve " 
to   instrument,  and  fix'S 


Fig.  319.— Sphygmometer  of  Hill  &  Barnard. 


the  rubber  tube  of  armlet  to  instrument  as  shown  in  illustration — now 
fasten  armlet  close  and  firmly  round  the  right  arm  just  above  the  elbow. 


Fig.  330,— Hill  &  Earpard's  sphy^ometer  arterial  and  pressure  gange  for  clinical  use, 

2a 
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"  (6)  Force  up  the  pressure  rapidly  tUl  pulsation  appears,  and  continue 
to  force  up  the  pressure  till  pulsation  disappears  or  obviously  becomes 
lessened. 

"  (c)  Slightly  open  the  valve  and  allow  slow  leakage.  As  the  pressure 
falls,  note  where  the  pulsation  becomes  maximal.     The  maximal  pulsation 

indicates  the  mean  arterial  pressure.  If 
the  pulsation  be  maximal  over  a  certain 
area,  for  example,  between  104  and  110 
mm.  Hg,  take  uie  mean  of  these  figures — 
106  mm.  Hg — as  the  mean  arterial  pres- 
sure. 

' '  (d)  Let  the  air  out  entirely  and  empty 
the  arm  of  venous  blood,  either  by  eleva- 
tion of  the  limb  or  friction.  Repeat  the 
operation  and  take  another  reading. 

"By  raising  the  pressure  within  the 
bag  the  venous  outlets  are  blocked.  Read- 
ings must  therefore  be  taken  rapidly." — 
(Abbreviated  from  Hill,  Joum.  of  Phya., 
1898.) 

In  studying  the  effect  of  varying  condi- 
tions, successive  readings  must  be  taken 
in  the  above  manner. 
3.  Sphygmomanometer  of  von  Basch  (fig.  321). — The  capsule  filled 
with  water  and  connected  with  a  special  manometer  gauge  is  pressed  upon 
the  artery  until  the  pulse  beyond  ceases  to'  be  felt. 


Fig.  321.— Sphygmomanometer  of 
von  Baach,  made  byCastagna, 
ol  Vienna. 


Fig.  322. — Sphygmomanometer  of  Mosso. 

4.  Sphygmomanometer  of  Mosso  (figs.  322,  323). — It  is  obvious  that,  if 
the  pressure  outside  an  arteryjis  increased  so  as  to  exactly  balance  the 
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internal  pressure,  then  the  oscillations  of  the  arterial  wajls  will  be  greatest 
as  they  are  then  freest  to  move.  This  is  effected  in  Hill's  form  by  air,  in 
Mosso's  by  water-pressure,  as  shown  in  fig.  323,  where  the  two  middle 
fingers  of  each  hand  are  placed  in  rubber  capsules,  inside  metallic  tubes, 
and  the  pressure  can  be  regulated  to  get  the  greatest  excursion  of  the  Hg- 
manometer.  The  oscillations  of  the  Hg  can  be  recorded  on  any  convenient 
moving  surface  {Arch.  ital.  de  Biologie,  xxiii.). 


MH3 


Fig,  323.— Scheme  ot  Sphygmomanometer  of  A.  Mobso.    M  Eg,  Mercniy  manometer 
/,  Float ;  B,  SeserToii  for  water ;  p,  Clip ;  P,  Pressure  apparatus. 

5,  Sphygmochronograph  (A.  Jacquet,  Zeitach.  f.  Biol.,  xxviii.,  29, 
1891),  so-called  because  it  records  simultaneously  both  pulse-beats  and  a 
time  tracing.  It  is  really  a  modified  Dudgeon's  sphygmograph  with  clock- 
work added  to  mark  0"2  second,  and  recording  on  a  strip  of  paper  that 
may  be  50  cm.  long.  There  is  also  an  arrangement  by  which  the  velocity 
of  movement  of  the  paper  can  be  changed  from  10  mm.  to  40  mm.  per 
second.  There  is  a  special  arrangement  for  fixing  the  apparatus  to  the 
forearm. 

6.  Cllnioal  Polygraph  of  J.  Mackenzie  (fig.  324)  can  be  used  for  taking, 
at  the  same  time  and  on  the  same  recording  surface,  tracings  of  the  radial 
pulse,  apex  beat,  carotid,  venous  or  liver  pulse,  or  the  respiratory  move- 
ments. It  consists  of  (i)  a  small  cup  for  receiving  the  pulsations,  {2)  <a, 
tube  for  transmitting  the  impulses  through  air  to  (3)  the  recording  tambour 
and  lever,  the  tambour  being  fixed  to  (4)  a  Dudgeon's  or  Jacquet's 
sphygmograph. 

The  cup  or  "receiver"  is  a  shallow  circular  vessel,  ij  x  ij  inch.  The 
open  mouth  is  applied  over  the  pulsating  part  in  such  a  manner  that  its 
edges  are  so  closely  adapted  to  the  skin  that  no  communication  is  kept  up 
with  the  outer  air.  Frdm  the  roof  of  the  receiver  rises  a  narrow  pipe  half 
an  inch  in  length.  To  this  pipe  is  fitted  an  india-rubber  tube  3  to  4  feet 
in  length,  the  other  end  of  which  is  connected  with  the  recording  tambour. 
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A  modification  of  this  receiver  is  required  when  tracings  of  the  hver 
pvlse  are  taken.  The  "liver  receiver"  is  larger,  being  5  inches  in  length, 
2  inches  in  breadth,  and  i  inch  in  depth,  its  open  edges  slightly  curved  on 
their  long  axis.  A  small  air-hole  is  made  at  one  end,  near  the  roof.  In 
employing  the  liver  receiver,  the  position  of  the  lower  margin  of  the  liver 
having  been  ascertained,  the  receiver,  held  in  the  right  hand,  is  laid 
lengthwise  across  the  abdomen,  its  lower  edge  being  2  inches  below  the 
liver  margin  and  the  end  with  the  air-hole  towards  the  middle  line. 
Steady  continuous  pressure  is  applied  to  the  lower  margin  of  the  receiver 
till  it  sinks  deeply  into  the  abdomen,  and  then  the  upper  margin  is  adapted 
closely  to  the  skin.  In  this  manner  a  considerable  portion  of  the  lower 
liver  edge  is  embraced  by  the  receiver.  If  the  forefinger  of  the  right  hand 
be  applied  over  the  air-hole,  the  movements  of  respiration  will  be  com- 
municated to  the  liver.  If  the  patient  now  stops  breathing,  the  liver 
movements  are  alone  transmitted. 


Fig.  324. — Clinical  Polygraph  of  J.  Mackenzie,  of  Burnley. 

The  tambour  supports  a  writing  lever  about  6  inches  in  length,  and  is 
itself  securely  fixed,  with  its  movable  surface  vertical,  on  a  support  fixed 
to  the  upright  of  the  sphygmograph.  The  writing  point  records  horizon- 
tally across  the  paper.  Thus  any  movement  can  be  recorded  at  the  same 
time  and  on  the  same  paper  as  the  radial  sphygmogram.  Por  convenience 
of  study,  more  events  can  readily  be  recorded  within  the  limits  of  a  short 
sphygmographic  paper  ;  and  a  record  of  apex  beat,  venous,  carotid,  and 
liver  pulses  may  be  taken  at  the  same  time  as  the  radial  sphygmogram. 

It  can  also  register  the  respiratory  movements  at  the  same  time  as  the 
radial  pulse.  The  receiver  is  placed  over  the  episternal  notch,  or  above 
the  clavicle,  the  inspiration  then  causes  a  depression  in  the  tracing.  Or  a 
bag  tied  round  the  chest  or  abdomen  may  be  used.  Inspiration  then 
causes  an  upward  movement  in  the  tracing  (J.  Mackenzie,  Joum.  of 
Path,  and  Ba^t.,  1894. 

7.  Arteriometer  (Oliver)  measures  the  internal  diameter  of  ,the  radial 
artery.  Study  this  instrument,  Pidae-gauging,  by  G.  Oliver,  1895; 
Blood  and  Blood  Pressure,  by  G.  Oliver,  127,  1901. 

8.  Volume  pulse.     See  Plethysmograph. 
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LESSON  LXIV. 

PRINCIPLES   OP   CIBCULATIOlf— SCHEMATA- 
PULSE    DELAY— STROMUHB. 


— TJ**^««.uU^ 


~ — ^With  each  systole  of 
blood  is  expelled  with 
(and  pulmonary  artery) 
t-beat  which 
=  blood-pressure  (B.P.); 

heral  resistance,"  which 

and  in  part  contractile, 
the  innumerable  arte- 

area  from  aorta  to  the 
ainishing  sectional  area 
D  the  E.V.  The  foUow- 
se  data : — 

ge  arteries, 
ries. 


'terioles  due  to  the  state 
their  smooth  muscular 

■  vascular  or  vaso-motor 
maintaining  and  regu- 

33,  and  also  in  bringing 

ilay,  whereby  the  rhyth- 

s  is  converted  into  the 

ihe  capillaries. 

,  is  concerned  in  main- 

ood. 

e  enormous  increase  in 
is,  of  course,  to  corre- 

low. 

tier  Rutherford's  scheme 
a  the  latter  the  heart  is 
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represented  by  an  elastic  pump  (Higginson's  syringe),  the  arte- 
ries by  long  elastic  tubes  dividing  into  four  smaller  tubes  with 
clamps  on  them ;  two  of  the  tubes  leading  into  tubes  filled  with 
sponge  to  represent  the  capillaries.  The  capillaries  lead  into 
a  tube  with  thinner  walls  representing  the  veins.  The  inflow 
tube  into  the  heart  and  the  outflow  tube  at  the  vein  are  placed 
in  a  basin  of  water,  and  the  whole  system  is  filled  with  water. 

(a)  Use  two  mercury  manometers ;  connect  one  with  the 
arterial,  and  the  other  with  the  venous  tube.  Adjust  a  float 
on  each,  and  cause  the  writing  points  of  the  two  floats  to  write 
exactly  one  below  the  other  in  the  same  vertical  line  on  a  drum. 

(6)  TJnclamp  all  the  arteries  and  work  the  pump,  regulating 
the  number  of  beats  by  a  metronome  beating  thirty  per  minute, 
and  compress  the  heart  to  the  same  extent  each  time  with  a 
lemon-squeezer.  Both  manometers  will  oscillate  nearly  to  the 
same  extent  with  each  beat.     Take  a  tracing  on  a  slow  drum. 

(c)  Gradually  clamp  the  arteries  to  increase  resistance,  and 
continue  to  pump ;  the  pressure  in  the  arterial  manometer  rises 
with  each  beat  until  it  reaches  a  mean  level  with  a  slight  oscil- 
lation with  each  beat.  The  pressure  in  the  venous  manometer 
rises  much  less,  and  the  oscillations  are  slight  or  absent. 

(d)  While  the  mean  arterial  pressure  is  high,  cease  pumping ; 
this  will  represent  the  arrest  of  the  heart's  action,  brought  about 
by  stimulation  of  the  peripheral  end  of  the  vagus ;  the  arterial 
blood-pressure  falls  rapidly  and  the  venous  rises. 

(e)  Pump  again  and  restore  the  mean  arterial  pressure,  then 
unclamp  gradually  the  small  arteries.  The  steady  fall  in  the 
arterial  manometer  represents  the  fall  of  B.  P.  when  the  central 
end  of  the  depressor  nerve  is  stimulated  (vagi  divided). 

2.  Rigid  and  elastic  tubes. — To  the  single  vertical  stem  of 
a  glass  Y-tube  or  similar  arrangement  of  gas-tubing,  i  cm.  in 
diameter,  fix  a  Higginson's  syringe,  whose  opposite  end  dips 
into  a  vessel  of  water.  To  one  of  the  bifurcations  connect  a 
glass  tube  of  similar  diameter  and  about  90  cm.  in  length,  and 
to  the  open  end  of  this  tube  attach  a  small  short  piece  of  india- 
rubber  tubing  with  a  screw  clamp  over  it  to  regulate  the  out- 
flow. To  the  other  limb  attach  an  india-rubber  tube  of  the 
same  diameter  and  length  as  the  glass  tube,  and  fix  a  clamp 
over  its  outflow  end.  Pump  water  through  the  system.  The 
pump  may  be  compressed  directly  by  the  hand,  or  it  may  be 
placed  between  the  two  blades  of  a  "  lemon-squeezer,"  and  the 
extent  of  the  excursion  of  the  latter  regulated  by  ,a  screw.  See 
that  all  joints  are  secure. 


liXIV.]  PRINCIPLES  OF  CIRCULATION.  439 

(a)  Eigid  tube. — Clamp  the  elastic  tube  near  the  Y-piece. 
Work  the  pump  about  forty  beats  per  minute,  and  force  water 
into  the  glass  tube.  The  water  flows  out  in  jets  in  an  inter- 
mittent stream  with  each  beat.  Gradually  clamp  the  outflow 
tube  and  keep  pumping ;  the  water  still  flows  out  in  an  inter- 
mittent stream,  and  no  amount  of  diminution  of  the  outflow 
orifice  will  convert  it  into  a  continuous  stream  ;  as  much  water 
flows  out  as  is  forced  in. 

(6)  Elastic  tube.— By  means  of  a  clamp  exclude  the  glass 
tube  near  the  Y-piece,  and  unclamp  the  flexible  one  so  as  to 
have  no  resistance  at  its  outflow  orifice.  Work  the  pump  ;  the 
outfiow  takes  place  in  jets  with  each  beat  of  the  latter.  Pump 
as  rapidly  as  possible ;  the  outflow  is  still  intermittent.  While 
pumping  gradually  clamp  the  tube  at  its  orifice,  so  as  to  intro- 
duce resistance  there — to  represent  resistance  in  the  arterioles. 
When  there  is  sufficient  resistance  at  the  outflow,  the  stream 
becomes  a  uniform  and  continuous  one.  Feel  the  tube,  with 
each  beat  a  pulse-beat  is  felt.  The  resistance  at  the  periphery 
brings  the  elasticity  of  the  tube  into  play  between  the  beats, 
and  thus  converts  the  interrupted  into  a  uniform  flow.  This 
apparatus  serves  also  to  demonstrate  why  there  is  no  pulse  in 
th^  capillaries,  and  under  what  circumstances  a  pulse  is  propa- 
gated into  the  capillaries  and  veins. 

3.  Pulse  delay. — That  a  certain  time  elapses  between  the  beat 
of  the  heart  and  the  pulse  at  the  wrist  is  well  known.  E.  H. 
Weber  (1834)  estimated  this  interval,  and  calculated  the  rate  of 
propagation  of  the  arterial  pulse-wave  at  28^  feet  (i.e.,  about  9 
metres)  per  second. 

(a)  Arrange  a  cardiograph  to  record  on  cylinder  (rate  50  mm. 
per  sec. ).  The  cai-diograph  placed  over  the  cardiac  impulse  and 
coupled  up  by  rubber  tube  with  a  recording  Marey's  tambour. 

(6)  Place  a  tambour — explorer — with  its  button  on  any  con- 
venient artery — e.g.,  carotid  or  radial — and  record  the  pulse- 
beat,  with  same  length  of  tubing  intervening.  See  that  the 
cardiac  and  arterial  levers  record  in  the  same  vertical  line,  or 
use  the  radial  Hurthle's  tambour  (fig.  314).    Record  time  also. 

Kecord  simultaneously  heart  and  carotid,  then  heart  and 
radial  tracings.  Measure  the  distance  between  the  heart  and 
carotid  (about  6  inches),  heart  and  radial,  and  heart  and  femoral. 
Note  that  the  interval  between  heart-beat  and  carotid  may  be 
o-i  sec,  in  the  radial  0*17,  and  in  the  femoral  it  may  be  o'i8. 
From  the  distance  calculate  the  velocity  (A.  Waller,  Jowm.  of 
Phys.,  iii.). 
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4.  Velocity  of  a  pulse-wave.— (as)  Take  3  metres  of  india-rubber  tubing 
6  mm.  in  diameter.  To  one  end  of  the  tube  attach  a  Higginson's  syrmge 
(elastic  pump)  to  imitate  the  heart,  while  the  other  end  of  the  tube 
is  left  op6n,  with  a  clamp  lightly  fixed  on  it.  Arrange  to  pump 
water  through  the  tube.  Arrange  two  light  recording  levers  of  equal 
length  on  one  stand,  and  place  a  part  of  the  tube  near  the  pump 
under  the  lower  lever,  and  resting  on  a  suitable  collar  support,  while  part 
of  the  tube  near  the  outflow  end  is  similarly  arranged  under  the  upper 
lever.  Regulate  the  pressure  of  the  lever  upon  the  tube  by  means  of  lead 
weights. 

(6)  Arrange  on  the  same  stand  a  Desprez's  chronograph  to  record  the 
vibrations  of  an  electric  tuning-fork  (30  or  50  D.V.  per  second),  with  the 
writing  points  of  the  two  levers  and  chronograph  writing  upon  the  drum 
in  the  same  vertical  line. 


pig.  325. — ^Marey's  scheme  to  show  that  with  rigid  and  eia£tic  tubes  of  the  same  calibre, 
under  certain  conditions,  the  elastic  tube  delivers  more  fluid  than  the  rigid  one. 

(c)  Set  the  tunjng-fork  vibrating  and  the  drum  moving,  compress  the 
elastic  pump  interruptedly — ^to  imitate  the  action  of  the  heart — and  propel 
water  through  the  tube.  The  compression  may  be  done  by  means  of  a 
lemon-squeezer,  the  extent  of  the  excursion  being  regulated  by  a  screw, 
and,  to  ensure  regularity,  arrange  the  number  of  pulsations  to  the  beat  of 
a  metronome.  On  doing  so,  as  one  pumps  in  the  water,  the  tube  distends 
and  raises  the  lever ;  in  the  interval  between  the  beats,  as  the  water  flows 
out  at  the  other  end,  the  tube  becomes  smaller,  and  the  levers  fall.  Feel 
the  tube ;  with  each  contraction  of  the  pump,  a  beat — the  pulse-beat — can 
be  felt. 

(d)  Fix  and  study  the  tracing.  The  tracing  due  to  the  rise  of  the  lever 
next  the  pump  begins  sooner,  and  is  higher  than  the  one  from  the  lever  near 
the  outflow.    Make  two  ordinates  to  intersect  the  three  tracings,  one  where 
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the  lower  pulse-curve  rises  from  the  abscissa,  and  the  other  where  the  upper 
curve  begins.  Count  the  number  of  D.  V.  of  the  tuning-fork  between  these 
lines.  Measure  the  length  of  the  tube  between  the  two  levers,  and  from 
these  data  it  is  easy  to  calculate  the  velocity  of  the  pulse- wave  in*  feet  per 
second.  Suppose  the  distance  be  represented  by  D  cm.,  and  the  time 
interval  by  T,  then  the  velocity  of  the  wave  in  cm.  is  the  quotient  of 

m  •       The  wave  length  is  determined  by  dividing  its  velocity  by  the  time 

taken  by  the  wave  to  pass  over  any  one  point. 

5.  Blgld  and  elastic  tubes. — Arrange 
an  experiment  as  shown  in  fig.  325 — i.e., 
with  outflow  tube  leading  to  a  Marriotte's 
flask,  two  tubes^-one  of  glass  and  the 
other  of  caoutchouc — of  equal  diameter, 
and  outflow  orifices  of  the  same  size.  The 
glass  tube  is  attached  by  a  short  elastic 
tube  to  the  lead  tube  coming  from  the 
reservoir.  As  the  fluid  flows  into  the 
tubes,  they  are  compressed  rhythmically 
to  imitate  the  interrupted  beat  of  the 
heart.  More  fluid  is  discharged  by  the 
elastic  tube. 

It  is  evident,  therefore,  that  the  elas- 
ticity influences 

(1)  Character  of  flow. 

(2)  Amount  of  fluid  discharged. 

6.  Bheometer  (figs.  326,  327)  is  used 
to  measure  the  amount  of  blood  flowing 
through  a  blood-vessel  in  a  given  time. 
The  nozzles  of  the  instrument  are  inserted 


Mg.  326.— Eheometer  of  Ludwig  and  Dogiel, 
showing  how  it  is  held  in  position. 


Fig.  327.— Ludwig'B  rheometer 
or  "Stromuhr." 


and  tied  into  the  artery  of  an  animal.     A  rubber  tube  with  a  pressure 
bottle  attached  may  be  used  to  represent  the  artery. 
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(a)  To  represent  the  heart— or  the  weight  of  a  column  of  fluid— arrange 
a  Marriotte's  flask  on  a  stand,  and  to  the  outflow  tube  attach  a  narrow 
rubber  tube,  and  clamp  it  after  filling  it  with  normal  saline  (to  represent 
defibrinated  blood).  Fill  one  bulb  with  defibrinated  blood,  the  other  with 
almond  oil,  and  close  the  top  of  the  instrument  with  a  glass  plug. 

(6)  Suppose  the  tube  to  represent  an  exposed  artery ;  about  the  middle 
of  the  tube  apply  two  ligatures  an  inch  apart  (or  two  clamps).  Divide  the 
part  of  the  tube  between  the  two  ligatures,  and  tie  into  either  end  the 
nozzles  provided  with  the  instrument.  Call  the  one  next  the  reservoir  or 
heart  h,  and  the  other  k.  Connect  to  the  instrument  the  nozzles,  the  bulb 
A  filled  with  oil  in  connection  with  h,  B  with  defibrinated  blood  and  con- 
nected with  k.  The  instrument  is  fixed  in  position  by  a  support  provided 
with  it,  while  a  handle  which  fits  into  two  tube-sockets  on  the  upper  sur- 
face of  the  disc,  e,  Ci,  is  used  to  rotate  the  one  disc  on  the  other. 


Fig.  32S.— Frederick's  Bchemeof  the  circulation.   B,  Heart  manometer  and  recording 
tambours,  I  and  I '  (arterial  and  venous). 

(c)  All  being  ready,  take  the  clamp  off  the  reservoir  of  blood  and  the 
clamps  or  ligatures  off  the  artery.  The  defibrinated  blood  flows  into  the 
bulb  A,  displaces  the  oil  in  it  towards  B,  the  defibrinated  blood  of  B  being 
forced  out  into  the  artery  and  caught  in  a  suitable  vessel.  In  an  experi- 
ment on  an  animal  the  blood  passes  into  the  artery.  As  soon  as  A  is  filled 
with  blood,  the  disc  is  rapidly  rotated  by  hand.  B  then  communicates 
with  h,  and  A  with  k.  Blood  now  flows  into  B,  displacing  the  oil  in  it 
into  A,  and  as  soon  as  this  takes  place  the  disc  is  again  rotated.  Repeat 
this  process  several  times.  Count  the  number.  The  bulbs  have  the  same 
capacity  and  are  exactly  calibrated. 

The  time  is  measured  by  connecting  the  rheometer  with  an  eleotro- 
maonet  registering  on  a  drum  each  rotation  of  the  disc,  and  under  this  a 
time-marker  records  seconds. 
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£zample. — Suppose  each  bulb  holds  5  o.c,  the  bulbs  to  be  filled  ten 
times  during  loo  seconds — i.e.,  "50  c.c.  flowed  from  the  tube  in  one  second. 
Suppose  the  diameter  of  the  tube  to  be  2  mm. — i.e.,  radius  =  i  mm. — this 
would  give  a  sectional  area  of  3"I4  mm. 

The  velocity,  V,  is  calculated  by  the  ratio  of  the  quantity  discharged,  Q, 
to  the  sectional  area,  S — i.e.,  the  quantity  of  fluid  flowing  across  any 
section  in  unit  of  time  -=-  area  of  that  section.     Hence — 

5  CO.,  or  what  is  the  same  thing,  500  omm.,  are  discharged  in  one  second; 

500 
therefore  the  velocity  is  =— -  =  159  mm.,  or  about  6  inches  per  second." 

Attach  the  tube  to  a  litre-bottle — with  outflow  tube — arranged  as  a 
Marriotte's  flask.  Estimate  the  amount  of  fluid  discharged  in  a  given  time, 
aiid  from  this  calculate  the  velocity  of  flow  in  the  tube. 

7.  Schema  of  Fredericq  (fig.  328). — In  this  scheme,  filled  with  water,  B 
represents  the  ventricle,  with  a  long  stretch  of  elastic  tubing  for  the 
arteries,  terminating  in  a  narrower  tube  to  represent  the  peripheral  resist- 
ance. A  represents  the  venous  system.  A  Hg-manometer  is  connected 
with  the  arterial  system  and  two  "exploring"  Marey's  tambours  register 
the  pressure-pulse  and  rate  of  propagation  of  the  pulse- wave.  The  move- 
ments of  the  heart  are  represented  by  rhythmical  contractions  of  B  made 
by  the  hand. 
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CAPILLARY     PKESSURE  —  LYMPH     HEARTS     AND 
SACS— PLETHYSMOGRAPHS. 

1.  Capillary  blood-pressure. — (a)  To  the  under  surface  of  a  disc 
of  glaiss,  2  cm.  long,  3  to  4  mm.  broad,  and  i  mm.  thick,  fix  with 
cement  on  its  under  surface  a  glass  plate,  a,  with  a  surface  of  5 
mm.  square.  Two  threads  supporting  a  paper  scale-pan  are 
attached  to  the  glass  disc  (fig.  329).  Arrange  the  glass  plate,  a, 
over  the  skin  on  the  dorsal  surface  of  the  middle  finger,  just  at 
the  root  of  the  nail.  Add  weights  to  the  scale-pan  until  the  skin 
becomes  pale.  Note  the  weight  necessary  to  bring  this  about, 
but  observe  that  the  skin  does  not  become  pale  all  at  once 
(N.  Y.  Kries,  Arh.  aus  d.  phys.  Anstalt  zu  Leipzig,  1875). 

(6)  Test  how  altering  the  position  of  the  hand  affects  the 
pressure. 

(c)  The  pressure  is  equal  to  the  weight  added  plus  weight  of  scale-pan. 
Batimate  the  size  of  the  plate,  a,  in  square  centimetres.     The  pressure 


444 


PRACTICAL  PHYSIOLOGY. 


[lxv. 


Fig.  ^g. — Apparatus 
(V.  £ries)  for  esti- 
mating the  capillary 
blood-pressure. 


expressed  in  cm.  of  a  column  of  water  is  obtained  by 
dividing  the  actual  pressure  weight  by  the  pressure 
surface.  From  this  the  Hg  equivalent  is  obtained, 
v.  Kries  found  a  pressure  =  37  mm.  Hg. 

2.  Circulation  of  blood  (Microscope). — This 
may  be  studied  in  a  lightly  curarised  frog  in 
the  interdigital  membranes  of  the  hind  leg. 
The  circulation  in  the  capillaries  was,  how- 
ever, first  seen  by  Malpighi  in  the  lung  of  a 
frog  (De  pulmonibus,  1661).  One  difficulty  in 
connection  with  the  frog's  lung  is  that  after 
it  is  exposed  it  is  liable  to  collapse.  Hence, 
the  triton's  lung  is  often  used  instead. 

(a)  HolTTigren's  cupparalus  (1874). — A  lightly  curar- 
ised frog  is  placed  on  its  back  on  a  frog-plate.  A 
metallic  tube  is  introduced  into  the  glottis.  It  is  pro- 
vided with  a  rubber  tube,  and  a  stopcock.  The  tube 
(fig.  330)  has  on  it  two  little  rings  with  grooves, 
about  4  mm.  apart.     Over  this  is  tied,  like  a  muff. 


Fig.  330. — Holmgren's  apparatus  for  lung  of  frog.  C,  Cannula  in  glottis ;  m,  Membrane 
mstended  to  obtain  occlusion  of  glottis  at  moment  of  distending  the  lung ;  D,  Can- 
nula with  tap ;  a,  lletal  ring  carrying  a  cover-glass ;  P,  Lung ;  c,  UUled  head. 
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part  of  the  large  intestine  of  a  frog.  There  are  three  lateral  holes  in 
the  tube  between  the  two  grooved  rings.  Fix  the  tube  in  the  glottis ; 
then  blow  into  the  tube  to  expand  the  lung,  when,  of  course,  the  "muff" 
also  expands,  and  blocks  the  glottis.  Make  an  incision  about  ij  cm.  long 
on  the  lateral  surface  of  the  body  below  the  axilla,  taking  care  to  injure  no 
vessels,  or  expose  the  lung  with  a  red-hot  knife.  This  avoids  bleeding. 
The  distended  lung  is  now  gently  pulled  through  the  slip  and  placed  in  the 
apparatus.  This  gives  a  flat  sunaoe  to  be  examined  with  the  micro- 
scope instead  of  a  concave  one.  With  lOO  diameters  one  can  study  the 
phenomena  of  capillary  circulation. 

(by  PoiseuUle's  observations  (1835). — He  used  the  mesentery  of  a  pithed 
frog.  Cohnheim's  method  or  that  of  Ranvier  is  convenient.  A  slit  is 
made  in  one  side  of  the  belly  wall,  a  loop  of  intestine  pulled  out  and 
pinned  on  to  the  apparatus  of  Ranvier  (shown  in  fig.  331). 


Fig.|  331.— Apparatus  for  examining  circulation  in  loop  of  intestine  of  frog.    L,  Frog- 
plate  ;  B,  Cork  disc ;  I,  Intestine ;  M,  Mesentery. 

3.  Inflammation. — Destroy  the  brain  of  a  frog.  Curarise  the  frog  very 
lightly.  Examine  microscopically  the  circulation  in  the  web  of  its  foot 
and  in  its  mesenteric  vessels.  Apply  a  drop  of  croton  oil  or  mustard  for 
a  minute  or  less.  Observe  the  Inflammation  thereby  produced,  and  the 
changes  in  the  appearance  of  the  blood-vessels  and  the  blood-flow,  until 
the  latter  is  finally  arrested  in  a  condition  of  stasis,  and  exudation  takes 
place. 

4.  Posterior  lymph-hearts. — (a)  Destroy  the  brain  of  a  frog, 
place  it  on  its  belly,  and  watch  the  beating  of  the  posterior  pair 
of  lymph-hearts,  which  are  situated  one  on  each  side  of  the  uro- 
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style  in  the  triangle  between  coccygeo-iliaous,  ie,  gluteus,  gl, 

origin  of  the  vastus  externus,  ve,  and  pyramidalis,  p,  muscles 

(fig.  332). 

(6)  Remove  the  skin 
covering  them,  taking 
care  not  to  cut  too  far 
outwards,  to  avoid  in- 
juring a  cutaneous 
vein.  ,  Oount  the  num- 
ber of  beats  per  minute, 
noting  that  the  rhythm 
is  not  synchronous  with 
the  blood-heart,  which 
movements  can  usual- 
ly be  distinguished 
through  the  skin. 

(c)  Destroy  the  spinal 
cord  with  a  seeker ;  the 
rhythmical  automatic 
movements      of  .    the 

Fig.  332.— Posterior  pair  of  jlymph-hearta  (£)  of  Frog,     ly  mph-hearts   cease . 

5.  Injection  of  retro-lingual  lymph  sac  (Sti/rMmg's  method). — In 
an  etherised  or  dead  frog  inject  into  the  dorsal  lymph  sac  any 
fluid,  normal  saline  or  a  coloured  fluid — e.g.,  Berlin  blue,  methy- 
lene blue,  or  air  j  or  any  histological  reagent — e.g.,  osmic  acid ; 
or  any  drug — e.g.,  veratrin.  Very  soon  the  fluids  pass  vid  a 
channel  near  the  orbital  cavity  into  the  sub-lingual  lymph  sac, 
distend  it,  raise  the  sub-lingual  membrane,  and  evert  the  tongue. 
If  it  be  desired  to  economise  the  fluid  injected  into  the  dorsal 
lymph  sac,  ligature  tightly  the  whole  trunk  of  the  frog  behind 
the  forelegs,  and  inject  the  fluid  into  the  front  segregated  part 
of  the  dorsal  lymph  sac.  It  is  a  good  method  for  applying 
drugs  directly  to  the  hyoglossus  muscle  still  in  situ  and  in 
normal  condition.  It  is  obviously  also  useful  for  applying 
various  histological  reagents  to  the  retro-lingual  membrane  itself 
(Proc.  Physiol.  Soc,  June,  1901,  in  Journ.  ofFhys.). 

Plethysmography. — That  the  amount  of  blood  in  an  organ  or 
part  thereof  varies  is  well  known,  and  that  the  condition  of  the 
blood-vessels  and  therefore  the  amount  of  blood  in  any  given 
part  varies  with  the  state  of  the  nervous  system  is  equally  well 
known — pallor  and  blushing.  Nay,  more,  the  volume  of  an 
organ  may  vary  with  each  pulse-beat  and  every  respiration. 
Thus  if  a  means  can  be  devised  to  measure  the  volume  of  an 
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organ,  its  variations  under  given  conditions  can  also  be  re- 
corded. 

By  means  of  volumetric  instruments  one  can  study  variations 
in  the  volume  of  a  part — variations  which  are  not  visible  to  the 
unaided  eye.  Such  instruments  are  frequently  called  plethys- 
mographs. 


Fig.  333- — ^Plethysmograph  of  A.  Mosso,  arranged  for  human  arm. 

Other  things  being  equal,  the  increase  in  volume  ot  an  organ 
depends  on  three  factors — (i)  Vascular  dilation  of  the  blood- 
vessels (blushing)  produced  either  by  paralysis  of  vaso-con stricter 
nerves,  action  of  vaso-dilator  nerves,  or  paralysis  of  the  vessels 
themselves ;  (2)  increase  of  arterial  pressure  with  increased 
flow  of  blood  through  a  part ;  (3)  increase  of  venous  pressure 
with  slowing  of  blood  flow.  A  diminution  of  volume  is  caused 
by  the  opposite  conditions.  These  factors  may  act  either  singly 
or  in  combination. 

Various  forms  of  plethysmograph  are  in  use  with  (i.)  water 
or  (ii.)  air  as  a  medium ;  (iii.)  may  record  directly  or  (iv.)  through 
the  intervention  of  elastic  walls. 
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The  best  known  for  measuring  variations  in  the  volume  of 
a  limb — e.g.,  human  arm — is  the  plethysmograph  of  Mosao 
(1875)- 

6.  Mosso's  plethysmograph  for  arm  (fig.  333). — By  means  of 
this  instrument  the  exact  amount  of  fluid  which  passes  to  and 
fro  in  a  tube — due  to  variations  in  the  volume  of  the  limb — 
can  be  registered,  the  pressure  of  the  fluid  remaining  the  same. 

(a)  See  that  the  support  is  quite  vertical.  The  tube,  B,  is  suspended  by 
means  of  two  silk  threads  passing  over  two  pulleys  and  counterpoised  with 
a  weight  which  carries  a  recording  style.  The  tube,  B,  should  be  so  sus- 
pended that  the  central  tube,  D,  should  be  placed  vertically  in  its  axis. 
This  tube  communicates  with  the  cylinder,  A.  See  that  B  moves  freely 
when  the  apparatus  is  dry.  Fill  the  whole  tubular  system  from  the 
burette,  E,  with  water.  C  contains  a  mixture  of  water  and  alcohol,  with 
a  density  just  a  little  less  than  water.  All  air  must  be  driven  out  of  the 
system  of  tubes. 

(6)  The  cylinder  containing  the  limb  is  supported  on  a  plate  of  wood 
and  suspended  from  the  roof  by  a  cord.  Before  placing  the  limb  in  the 
glass  chamber  rub  the  part  to  be  enveloped  in  the  caoutchouc  band  with 
oil  or  vaseline.  To  avoid  all  pressure  on  the  arm  a  little  putty  is  rubbed 
up  with  vaseline  or  oil.  This  completely  prevents  the  escape  of  any  water 
and  no  pressure  is  exerted  on  the  vessels  of  the  arm.  When  the  arm  is 
duly  iixed  in  the  cylinder  fill  the  latter  with  tepid  water.  To  keep  the 
pressure  in  A  constant,  the  level  of  the  floating  tube  should  be  at  the  same 
level  as  the  water  in  the  large  vessel.     Record  a  tracing  on  a  slow  drum. 

When  the  apparatus  is  carefully  adjusted  one  obtains  a  tracing 
of  the  volume  of  the  arm,  which  shows  (i)  the  single  beats  of 
the  heart,  (2)  respiratory  undulations,  (3)  variations  of  volume 
depending  on  variations  of  the  actions  of  the  vaso-motor  centre. 

This  apparatus  can  be  used  for  studying  the  condition  of  the 
blood-vessels  of  the  arm  during  the  most  varied  conditions,  as 
has  been  done  by  Mosso. 

It  is  obvious  that  this  method  is  applicable  to  the  study  of 
changes  in  volume  in  many  organs — e.g.,  kidney,  spleen,  and  limbs 
in  animals.  Sometimes  the  surrounding  medium  is  oil,  some- 
times air.  The  effects  of  stimulation  of  nerves,  drugs,  &c.,  on 
volume  can  be  studied.  In  these  cases  it  is  important  to  deter- 
mine whether  the  change  of  volume — e.g.,  of  spleen — is  brought 
about  actively  or  passively;  i.e.,  whether  the  organ  dilates 
owing  to  rise  of  pressure  in  other  paxts  of  the  vascular  system. 
Hence  in  such  plethysmographic  experiments  on  animals,  the 
arterial  blood  -  pressure  should  be  recorded  simultaneously. 
A  normal  kidney  or  spleen  plethysmograph  curve  shows  cardiac 
and  respiratory  variations  in  its  course  corresponding  exactly  to 
those  seen  in  a  B.P,  tracing. 
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7.  Volume  pulse  of  arm  (Plethysmography). — Enclose  forearm  in  a 
cylinder  made  of  tin  and  corresponding  to  the  size  of  the  limb.  Close  the 
upper  end  with  a  muff  or  wide  baud  of  sheet  rubber  as  before.  Have 
a  side  tube  attached  to  the  cylinder  wherewith  to  connect  the  interior  of 
the  air-filled  cylinder  with  the  recording  tambour. 

8.  Gravity  on  circulation  (Hill,  Int.  Phys.  Cong.,  1898). 

"  An  eel  or  grass-snake,  the  brain  having  been  pithed,  is  affixed  to  a 
board  in  the  extended  position,  and  the  heart  exposed.  On  turning  either 
animal  into  the  vertical  position  (tail  downwards)  the  heart,  after  a  few 
beats,  becomes  emptied  of  blood.  On  pressing  the  body  from  the  tail 
upwards,  the  heart  immediately  fills  to  repletion.  On  ceasing  to  compress 
tiie  body,  the  heart  once  more  as  completely  empties.  So  soon  as  the 
animal  is  placed  head  downwards  the  heart  engorges.  This  engorgement 
is  limited  by  the  inextensile  pericardium,  which  in  the  eel  is  extremely 
,  strong.  On  slitting  the  pericardium  the  engorgement  becomes  most 
marked. 

"  On  opening  the  body  of  a  snake  held  in  the  vertical  position  with 
the  tail  downward,  the  veins  are  found  to  contain  blood  in  the  lower  two- 
thirds  of  its  length  only.  It  is  evident  that  within  these  veins  there 
cannot  be  more  than  haU  the  quantity  of  blood  required  to  fill  to  distension 
the  whole  vascular  system  of  the  snake. 

"  If  a  snake  or  eel  be  sunk  vertically  and  tail  downwards  in  a  vessel  of 
water,  the  heart  does  not  empty. 

"  The  hydrostatic  pressure  of  the  column  of  water  exerted  on  the  surface 
of  the  body  tends  to  counterbalance  the  hydrostatic  pressure  of  the  column 
of  blood  within  the  body.  The  balance  is  not  exact,  for  blood  is  heavier 
than  water ;  moreover,  the  elastic  wall  of  the  body  prevents  the  full  com- 
pressing force  of  the  water  without  from  reaching  the  blood-vessels  within  " 
(Hill  and  Bernard,  "  Gravity  on  the  Circulation,"  Joum.  of  Phys.,  xviii., 
1895 ;  xxi.,  1897). 

9.  Position  of  arm. — Extend  arm  and  raise  it  vertically  upwards. 
Observe  the  skin  becomes  paler  and  the  veins  empty.  Let  the  hand  hang 
down  and  observe  the  opposite  efiect  (Lister). 
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BLOOD-PRESSURE  IN  ANIMALS  — MERCURY 
KYMOGRAPH  —  MEMBRANE  MANOMETERS  — 
VAGUS— DEPRESSOR. 

The  arterial  blood-pressure  is  most  frequently  measured  by  means 
of  the  mercury  kymograph  of  Ludwig.  The  carotid  artery  of  an 
anaesthetised  rabbit  or  dog  is  exposed,  and  its  lumen  connected 
with  a  manometer  (1847). 

To  measure  the  blood-pressure  one  requires  (i)  a  manometer  of 
some  kind  connected  with  the  interior  of  the  artery,  and  (2)  a 

29 


450 


PRACTICAL  PHYSIOLOGY. 


[lxvi 


recording  surface — i.e.,  a  surface  on  which  to  record  the  move- 
ments of  the  fluid  in  the  manometer.  Various  forms  of  apparatus 
are  used,  according  as  one  requires  a  longer  or  shorter  continuous 
tracing,  or  as  one  wishes  to  record  with  ink  on  a  white  paper 
surface,  or  with  a  style  on  a  smoked  surface,  as  in  Hering's  form 
(Fig.  336).  Fig.  334  shows  a,  kymograph — Ludwig's  pattern — 
where  a  long  strip  of  paper  is  gradually  unwound  in  front  of  the 
recording  style  of  the  manometer. 


11"',  '    nil . 


Fig.  334. — ^Ludwig's  kymograph  for  continuous  record  on  white  paper,  as  made  by 
Zimmerman  of  Leipzig. 

Fig.  335  shows  Hurthle's  form,  as  made  by  Albrecht.  In  it  a 
long  strip  of  smoked  paper  is  stretched  over  the  two  drums,  as 
in  Hering's  pattern  (Fig.  336). .  This  is  an  excellent  apparatus, 
and  is  capable  of  being  adjusted  in  every  direction. 

The  manometer  used  is  the  Hg- manometer  of  Ludwig,  as 
shown  in  Fig.  337. 

I.  Rabbit. 

1.  Estimation  of  blood-pressure  in  rabbit  by  Ludwig's  kymo- 
graph— Demonstration. — As  the  carotid  artery  of  the  rabbit  is 
frequently  used,  the  student  should  make  himself  familiar  with 
the  anatomy  of  this  artery  and  its  adjacent  nerves  (Fig.  338). 
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Fig.  33s.-HurtMe's  kymograph,  as  made  liy  E.  Albrecht  of  Tubingen. 


IHii|tl)LiimiiiiLili|]i||iit|'m'!"i''MiiiniiLiiniiiiiiimiiimiiiiii 


Fig.  336.— Contji 


ure  tracing,!),  as  obtained  with  Hering's  kymograph;! 
cu  moved  by  u.  >a 


452 


PRACTICAL  PHYSIOLOGY. 


[lxvl 


A.  (a)  Arrange  the  recording  apparatus  for  a  continuous  tracing. 
Various  forms  of  apparatus  are  used.  The  clockwork  is  wound  up,  and 
the  drum  is  so  adjusted  that  when  it  moves  it  unwinds  the  continuous 
band  of  white  paper  from  a  brass  bobbin  placed  near  it  (fig.  334).  A  motor — 
electric  or  water — may  be  used  to  move  the  recording  surface.  Arrange  a 
time-marker  connected  with  a  clock,  provided  with  an  electric  interrupter 
to  mark  seconds  at  the  lower  part  of  the  paper.  A  pen- writer  charged  with  a 
solution  of  aniline  (red  or  blue)  to  which  a  little  glycerin  is  added  to  make 
it  flow  freely,  is  commonly  used  for  non-smoked  paper. 


c 

a 


rig- 337-— I'idwig's  mercuiy  manometer.       Fig.  338.— K      e        1  k  of  the  rabbit. 

Float  and  recording  glass  pen  shown  a,  Symj. ,  .,  h„^_„'lossal,  with  c, 

at  side.    Zimmerman's  pattern.  its  descending  branch  ((2e$ce7i(2^8,7ioni) ; 

d,  Branch  of  a  cervical  nerve  joining  c  ; 

e,  Vagus,  with  /,  its  superior  laryngeal 
branch;  g  and  A,  The  origins  of  the 
superior  cardiac  or  depressor  nerve. 

(6)  Partially  fill  the  manometer  (fig.  337)  with  dry  clean  mercury,  and  in 
the  open  limb  of  the  manometer  place  the  float  bearing  a  recording  style. 
See  that  the  float  rests  on  the  convex  surface  of  the  mercury  (fig.  339). 

(c)  The  closed  or  proximal  side  of  the  manometer  at  its  upper  part  is  like 
a  T-tube,  the  stem  of  which  is  connected  by  thick  india-rubber  tubing  to  a 
piece  of  flexible  lead  tubing ;  on  the  free  end  of  the  latter  is  tied  a  glass 
cannula  of  considerable  size,  and  over  the  india-rubber  tubing  connecting 
the  cannula  with  the  lead  tube  is  placed  a  clamp.  The  proximal  end  of  the 
manometer  is  filled  by  means  of  a  syringe  with  a  saturated  solution  of 
sodium  carbonate  as  high  as  the  stem  of  the  T-piece.  To  it  is  attached  a 
long  india-rubber  tube,  which  is  connected  with  a  pressure-bottle  filled  with 


LXvi.] 


gLOOD-PItESSURE   IN   ANtMALSi 


453 


a  saturated  solution  of  sodium  carbonate,  and  kept  in  position  by  a  cord 
passing  oyer  a  pulley  fixed  to  the  roof.  A  25  p.c.  solution  of  magnesium 
sulphate  is  perhaps  better  (50  parts  of  the  salt  to  150  water).  Moreover, 
it  does  not  make  the  cannula  so  slippery  as  the  soda.  Some  use  a  solution 
of  Witte's  peptone — i  part  to  12  parts  0"6  KaCl  {Tigerst^t),  others  leech 
extract  (extract  of  10  heads  to  100  c.c.  of  normal  saline),  and  again,  i  to 
2  p.c.  solution  of  potassium  oxalate  {Thuiiberg).  A  clamp  compresses  the 
india-rubber  tube  just  above  the 
manometer.  Open  this  clamp  and 
also  the  one  at  the  end  of  the 
lead  pipe.  The  alkaline  solution 
fills  the  whole  system,  and  after 
it  does  so,  and  no  air-bubbles  are 
present,  close  the  clamp  at  the  end 
of  the  lead  tube,  and  then  the 
one  on  the  pressure-bottle  tube. 
It  is  well  to  have  at  least  an  inch 
of  positive  pressure  in  the  mano- 
meter. See  that  the  writing-style 
writes  smoothly  on  the  paper, 
and  that  it  is  kept  in  contact  with 
the  latter  by  a  silk  thread  with 
a  split  lead  shot  attached  to  its 
lower  end. 

B.  Anaesthetise  Babbit.  — 
Babbit-Holder. 

Anaesthetise  a  rabbit  and  fix 
it  on  a  Czermak's  or  other  rabbit- 
holder  (fig.  340).  The  animal 
must  be  completely  anaesthetised. 
Rabbits  do  not  stand  chloroform 
well.  Use  o'6  to  07  grm.  of 
chloral  per  kilo,  of  body  weight 
dissolved  in  water  and  adminis- 
tered by  a  stomach-tube  or  by 
giving  it  per  rectum.  Urethane, 
I  grm.  per  kilo.,  may  be  given 
instead  of  chloral,  or,  by  means 
of  a  sound  introduce  into  the 
stomach,  8  to  10  c.c.  of  alcohol 
diluted  with  twice  its  volume  of 
water.  This  suffices  to  narcotise 
a  rabbit  weighing  2  to  2'S  kilos. 
(Fredericq). 

C.  As  to  the  rabbit-holder  to 
be  used. 

Czermak's  holder  is  very  convenient. 


Fig.  339.— Modified  kymograph.  On  the 
right  the  manometer,  the  float  Tecording 
the  movements  of  the  merciu'y  on  a 
revolving  cylinder. 


Fig.  340  shows  an  improved  form 
made  by  the  Cambridge  Scientific  Instrument  Company.  It  consists  of  a 
table  with  holes  at  the  margins,  to  which  the  limbs  of  the  animal  can  be 
tied  by  means  of  tapes.  A  special  vice  fixed  in  an  adjustable  clamp  fibces 
the  head.  Malassez's  form  is  both  simple  and  convenient  (fig.  342),  and  so 
is  that  of  Cowl  (fig.  341). 

D.  Szpose  nerves  and  insert  cannula  In  carotid. — (a)  Arrange  the  neces- 
sary instruments  in  order  on  a  tray — scissors,  scalpels,  forceps  (coarse  and 
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FiE  ,io.-Czermak's  rabbit-holder.    Improveaic 
iig.  340.    y^'^'  Instrument  Company. 


holderT  Improved  form  by  Cambridge  Scientific 


lor  rabbit  or  dog,  or  smaller  animal. 
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fig.  343.— Shielded  electrodes  for  stimu- 
lating the  vagus  or  a  deeply-seated 

nerve. 


fine),  seeker,  well- waxed  ligatures,  small  aneurism  needle,  bull-dog  forceps, 
cannulae,  sponges. 

(6)  Clip  away  the  hair  over  the  neck,  and  with  a  wet  sponge  moisten 
the  skin  to  prevent  the  hairs  from  flying  about.  Pinch  up  the  skin  on  one 
side  of  the  trachea,  between  the  left  thumb  and  forefinger,  and  divide  it 
with  a  sharp  scalpel.  This  exposes  the  fascia,  which  is  then  torn  through 
with  forceps ;  draw  the  sterno-mastoid  aside,  and  gently  separate  the 
muscles  with  a  "seeker"  until  the  carotid,  accompanied  by  the  vagus, 
depressor,  and  sympathetic  nerves,  is  seen.  The  dissection  is  made  below 
the  level  of  the  larynx.  Lying  just  external  to  the  carotid  is  the  vagus. 
After  raising  the  carotid,  under  it, 
and  internal  to  the  vagus,  are  seen  two 
fine  nerves ;  the  more  internal  or 
finer  one  is  the  depressor  or  superior 
cardiac  branch  of  the  vagus  (fig.  338), 
the  other  is  the  sympathetic.  Note 
that  the  smallest  of  the  three  nerves 
is  the  depressor,  which  is  easily 
isolated  from  the  sympathetic  by 
means  of  a  seeker.  If  in  doubt,  trace 
the  sympathetic  upwards  tmtil  it 
merges  into  the  large  swelling  of  the 
superior  cervical  sympathetic  gan- 
glion. The  depressor  should  be  tied 
low  down  in  the  neck  and  divided 
below  the  ligature,  as  if  for  an  ex- 
periment on  its  function.  It  is  an  afferent  (centripetal)  nerve,  and  therefore 
its  central  end  must  be  stimulated. 

The  vagus  should  also  be  isolated,  ligatured,  and  divided  between  the 
ligature  and  the  head.  It  is  well  to  use  shielded  electrodes,  such  as  are 
shown  in  fig.  343.  The  vagus 
is  tied  and  divided,  and  if 
its  peripheral  end  is  to  be 
stimulated,  the  peripheral 
end  is  drawn  through  the 
shielded  electrodes,  which 
are  then  connected  with  the 
secondary  coil  of  an  induc- 
tion coil  for  interrupted 
shocks. 

(c)  Open  the  sheath,  and 
with  the  seeker  carefully 
isolate  about  an  inch  of  the 
carotid.  Pass  a  ligature 
imder  the  artery  by  means 
of  an  aneurism  needle,  with- 
draw the  needle,  and  liga- 
ture the  artery.  About  an 
inch  on  the  cardiac  side  of 
the  ligature,  clamp  the 
artery  with  buU-dog  forceps. 
Raising  the  artery  slightly  by  the  ligature,  with  a  fine-pointed  pair  of 
scissors  make  an  oblique  V-shaped  slit  in  the  artery — the  apex  of  the  V 
towards  the  heart — and  into  the  opening  insert  the  shouldered  nozzle  of  a 


Fig.  344.— Arterial  cannula  of  Frangois-Frank. 
A  is  tied  in  the  artery;  B  is  attached  to  the 
lead  tube  of  the  manometer ;  and  C  is  closed  with 
an  elastic  (clamped)  tube. 
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glass  cannula  with  a  short  piece  of  rubber  tubing  tied  on  to  it.  Instead  of 
a  straight  glass  cannula  with  a  shoulder,  the  form  shown  in  fig.  344  may 
be  used.  It  has  a  lateral  tube,  which  is  closed  by  means  of  a  caoutchouc 
tube,  and  is  useful  in  this  respect,  that  the  large  bulb  prevents  clotting  of 
the  blood,  while,  if  clotting  does  occur,  the  clot  can  readily  be  washed  out 
by  means  of  the  pressure  bottle  tlirough  the  lateral  tube.  Place  another  , 
ligature  round  the  artery,  and  tie  it  round  the  artery  and  over  the  shoulder 
of  the  cannula.  The  point  of  the  cannula  is,  of  course,  directed  towards 
the  heart.  Fill  the  cannula  with  the  soda  solution,  and  into  the  cannula 
slip  the  glass  nozzle  at  the  end  of  the  lead  pipe,  tying  it  in  securely. 
Unscrew  the  clamp  at  the  end  of  the  elastic  tube.  Set  the  drum  going. 
Remove  the  clamp  or  forceps  between  the  cannula  in  the  artery  and  the 
heart.  At  once  the  swimmer  would  begin  to  move  and  record  its  oscilla- 
tions on  the  paper  moving  in  front  of  it  (fig.  339). 

(d)  Before  joining  the  lead  tube  to  the  cannula,  isolate  the  vagus,  the 
largest  of  the  three  nerves ;  put  a  ligature  round  it,  and  divide  it  above 
the  ligature.  Isolate  also  the  depressor  nerve,  put  a  ligature  round  it  low 
down  in  the  neck,  and  divide  it  between  the  ligature  and  the  heart.  The 
depressor  is  easily  distinguished  from  the  sympathetic,  as  it  is  the  smallest 
of  the  three  nerves  accompanying  the  carotid.  Trace  the  depressor  to  its 
origin  by  two  branches,  one  from  the  vagus,  and  the  other  from  the 
superior  laryngeal  (fig.  338).  Trace  the  sympathetic  upwards  till  the 
superior  cervical  ganglion  is  reached. 

(e)  In  every  case  a  oase  line,  abscissa,  or  line  of  no  pressure  (i.e.,  atmo- 
spheric pressure),  must  be  recorded  to  indicate  when  the  mercury  is  at  the 
same  height  in  the  two  limbs  of  the  manometer. 

(/)  Record  a  normal  B.P.  tracing  (fig.  345). 


Fig-  345- 


-Koimal  blood-pressure  tracing  of  rabbit, 
of  2  seconds. 


Lower  line  indicates  intervals 


2.  Effect  of  vagus  on  heart  and  B.P. — Having  arranged  pre- 
viously a  coil  to  give  interrupted  shocks,  apply  the  electrodes  to 
the  peripheral  end — i.e.,  the  end  of  the  vagus  nerve  connected 
with  the  heart — and  stimulate  it,  regulating  the  strength  of  the 
stimuli  according  to  the  result  desired  to  be  obtained.  If  a  not 
too  strong  stimulation  be  used,  the  heart  is  slowed  and  the 
arterial  B.P.  falls,  biit,  if  strong  stimuli  are  applied,  the  heart  is. 
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arrested  in  diastole  and  there  is  a  sudden  fall  of  the  pressure 
due  to  cardiac  inhibition.  In  spite  of  continued  stimulation, 
the  heart  will  beat.     Study  tracing. 

3.  Stimulation  of  depressor  nerve. — This  is  an  aflferent  nerve 
conveying  impulses  chiefly  from  the  endocardium  of  the  heart  to 
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the  bulb,  and  as  such  is  capable  of  influencing  several  so-called 
"centres"  in  that  region.      It  can  afiect  reflexly  the  cardio- 
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inhibitory  heart  centre,  and  via  the  vagus 
heart.  It  also  powerfully  affects  the  vaso 
therefore,  it  be  desired  to  obtain  its  pure  " 
i.e.,  its  power  of  lowering  the  arterial  blood- 
reflex  effect  on  the  heart  must  be  excluded, 
some  other  animals  the  depressor  nerve  runs 
distinct  branch  of,  and  alongside,  the  vagus, 
in  the  middle  of  the  neck  ;  this  excludes  any 


thus  influence  the 

-motor  centre.     If, 

depressor  "  effect — 

■pressure — then  its 

In  the  rabbit  and 

as  a  separate  aifd 

Divide  both  vagi 

cardiac  effect. 


{a)  Expose  the  depressor  nerve,  put  a  ligature  round  it,  as  low  down  as 
possible,  and  divide  it  between  the  ligature  and  the  heart.  Lay  it  on 
electrodes  and  stimulate  it  with  interrupted  shocks.  Take  the  usual 
precautions  of  recording  time  and  moment  of  stimulation.  Observe 
tracing. 


Fig.  347.— Apparatus  for  fixing  moutli  of  dog.  The  bar,  B,  is  placed  in  the  mouth 
behind  the  incisor  teeth,  and  the  jaws  are  Isept  closed  by  S.  There  is  an  ad- 
justment, C,  for  raising  or  lowering  the  head,  and  one  for  tilting  it,  A,  S 
(Lautemchldger). 

(i.)  After  a  relatively  long  latent  period  of  2  to  3  seconds,  the 
B.P.  falls  grachmlly  and  steadily  without  any  change  in  the 
general  character  of  the  record  either  as  regards  the  respiratory 
waves  or  individual  heart-beats.     This  is  its  pure  "  depressor " 
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The  fall  may  be  20 
the  B.P.  gradually 


effect  in  lowering  arterial  blood-pressure, 
to  30  to  40  mm.  Hg.     Cease  stimulation, 
becomes  normal  (fig.  346,  A). 

By  its  action  on  the  general  vasomotor  centre  in  the  bulb  it 
causes  dilation  of  the  blood-vessels,  especially  in  the  abdominal 
area,  and  thus  lowers 
the  general  arterial 
B.P. ;  henoe  the  com- 
paratively long  latent 
period.  As  suggested 
by  its  discoverers, 
Ludwig  and  Cyon,  it 
acts  when  the  heart 
is  over-distended,  or 
when  the  aortic  pres- 
sure is  very  high.  It 
opens  the  flood-gates, 
especially  of  the 
splanchnic  area  (1866). 

4.  Stimulation  of 
afiferent  nerve  —  e.g., 
sciatic. — If  a  sensory 
nerve — e.g.,  sciatic — • 
be  divided,  and  its 
central  end  be  stimu- 
lated during  a  B.P. 
experiment  —  all  else 
being  intact — there  is 
a  rise  of  arterial  B. P., 
which  lasts  for  a  cer- 
tain time  after  cessa- 
tion of  stimulation. 
The  incr^se  may  be 
20  to  30  p.c.  of  original 
value  of  B.P.  This  is 
a  pressor  effect.  But 
the  respiratory  move- 
ments are  also  affected, 
and  express  themselves 
in  modifications  of  the 
respiratory  waves  of 
the  B.P.  tracing.  Pure  effects  are 
artificial  respiration  kept  up. 


Fig.  348.— Dissection  of  supra-clavicular  region  in 
neck  of  dog,  atter  0.  Scluuiedeberg's  fig.  in 
Ludwig's  Arbeiten,  vi.,  Jahrgang,  1871.  i,  JRe- 
current  laryngeal;  2,  Vago-sympathetic ;  3, 
Phrenic;  6,  Inferior  cervical  ganglion;  7,  Sym- 
pathetic trunk;  8,  First  thoracic  ganglion;  g, 
lUmuB  cardiacus  superior;  10  and  xi,  Trunk  of 
vagus. 


obtained  under  curare  with 
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11.  Dog.— In  the  dog  a  combination  of  morphine  and  chloroform  rapidly 
produces  ansesthesia.  Ijfiject  hypodermically  about  half  an  hour  before 
the  experiment  0'2  grm.  per  kilo,  of  morphine,  and  produce  complete 
ansesthesia  by  the  inhalation  of  chloroform.  A  different  form  of  "  holder  " 
is  required.     A  convenient  form  is  that  of  CI.  Bernard  (fig.  347). 

The  dissection  of  the  parts  of  the  neck  involved  in  measuring  the  pres- 
sure in  the  carotid  is  shown  in  fig.  348.  The  vagus,  as  exposed  in  the  dog, 
is  really  the  vago-sympathetic  nerve,  as  both  vagus  and  sympathetic  are 
enclosed  in  a  common  sheath.  No  separate  depressor  nerve  exists  as  such 
in  the  neck. 

It  is  well  to  record  simultaneously  the  respiratory  movements  (Lesson 
LXVII.),  and  then  the  phases  of  the  blood-pressure  curve  can  be  compared 
with  the  respiratory  phases ;  and  thus  it  can  be  determined  how  the  B.P. 
is  affected  by  the  respiratory  movements.  Speaking  broadly,  in  the  dog 
the  B.P.  rises  during  inspiration  and  falls  during  expiration  (fig.  364). 


Fig.  349.— Blood-pressure  tracing  of  the  carotid  of  a  dog,  taken  with  Ludwig's 
mercurial  manometer. 

5.  Measure  blood-pressure  tracing.— Lay  the  tracing  on  a 
table.  Place  a  millimetre  scale  as  in  fig.  349.  Read  off  the 
height  in  millimetres  from  the  base  line  to  the  lowest  point  in 
the  curve,  and  also  to  its  highest  point;  take  the  mean  of  the 
two,  and  multiply  by  two;   this  will  give   the   mean   arterial 


LXVI.] 


BLOOD-PRESSURE   IN   ANIMALS. 


461 


pressure.  Instead  of 
measuring  only  two 
ordinates,  measure 
several,  and  take  the 
mean  of  the  number 
of  measurements. 

6.  Study  tracings. — 
(a)  Notice  the  smaller 
undulations  due  to 
the  beats  of  the  heart, 
and  the  larger  ones 
due  to  the  respiratory 
movements  (fig.  350). 
In  a  B.P.  tracing 
taken  from  a  dog 
with  the  vagi  not 
divided,  observe  that 
the  size  of  the  heart- 
beats on  the  descent 
of  the  respiratory 
wave  is  greater,  while 
the  number  of  beats  is 
less  than  on  the  ascent. 

(6)     Study     blood- 
pressure  tracings  ob- 
tained during 
(i.)    Stimulation   of 
peripheral  end  of 
vagus  (figs.   350, 

351)- 
(ii.)  Stimulation  of 
central  end  of 
depressor  (fig. 
346,  A). 
(iii.)  Stimulation  of 
central  end  of  a 
sensory    nerve 

(fig-  354)- 
(iv.)    Stimulation  of 

central  end  of  one 

vagus  (fig.  354). 
(v.)  Section  of  both 

vagi  in  neck  (fig. 

352)- 


Kg.  350.— B.P. ,  Blood-pressure  truing  of  dog's  carotid 
—stimulation  of  vagus  at  tbe  indei^t  in  8 ;  T  indi- 
cates time  in  seconds  and  abscissa  (reduced). 


Fig.  3SI.— E,  Stimulation  of  peripheral  end  o( 
left  vagus  (dog).  Heart-beats  slowed.  Fall 
of  art.  B.P.  (Laulamie). 
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7.  Effect  of  vagus  on  heart  in  animal  just  MUed.— It  can  be  shown 
on  a  rabbit  or  oat  just  killed.  Expose  the  vagus  rapidly,  open  the  chest 
and  observe  the  heart  beating,  or  thrust  a  needle  attached  to  a  straw 
through  the  unopened  chest  into  the  heart,  and  observe  the  movements  of 
the  straw  with  each  beat  of  the  heart.  Stimulate  the  peripheral  end  of  the 
vagus  with  an  interrupted  current.  The  heart  ceases  to  beat  for  a  short 
time— the  heart  itself  being  in  diastole.  After  cessation  of  stimulation, 
observe  the  slow  but  large  excursions  of  the  straw  as  the  heart  begins  to 
beat. 


Eig.  352.— Art.  (lemoral)  B.P.  in  dog  increased  by  section  of  both  vagi  at  S.V.— i.«., 
by  acceleration  of  cardiac  rhythm.  Decreased  by  stimulation  of  peripheral 
'  end  of  vagus  (Laulanie). 


■8'ig.  353— Increase  in  amplitude,  as  well  as  slowing,  of  pulse  in  femoral  (dog)  by 
stimulation  of  peripheral  end  of  vagus  in  neck  (Latitanie). 
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8.  Effect  of  swaUowing  on  the  heart-beat  (p.  416). 

The  mercury  in  Ludwig's  kymograph,  owing  to  its  inertia, 
does  not  respond  to  rapid  variations  of  pressure.    Hence  various 
forms  of  elastic  manometers  have  been 
introduced,  such  as  the  "  hollow-spring 
manometer,"  which,  however,  has  been 
replaced  by  a  flat  spring.  Hr     ~  "        ^ 


ng.  334. — Art.  B.P.  (femoral)  In  dog  raised  by  stimula- 
tion of  central  end  of  one  vagus  at  £.  In  all  cases 
Si  is  signal,  and  S,  Seconds  ^/aul<mie). 

9.  Plat  spring  kymograph  of  Fiok  (fig. 
355)>  which  consists  of  a  metallic  piece.  A, 
perforated  by  a  narrow  canal,  and  terminat- 
ing below  in  a  very  shallow  saucer-like 
depression.  This  is  covered  with  a  rubber 
membrane,  to  which  is  attached  a  button,  S, 
which    presses  against  a  steel    spring,  F, 

which  moves  the  recording  lever.  There  is  attached  to  the  framework,  R, 
a  second  recording  lever,  which  indicates  when  the  pressure  in  the  mano- 
meter is  equal  to  the  atmospheric  pressure,  and  therefore  records  the 
abscissa.     Originally  Fick  used  air-transmission,  but  it  is  better  to  use  a 
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fluid,  one  of  those  mentioned  on  p.  453 — e.g.,  magnesium  sulphate.  A 
cannula  is  inserted  in  the  artery  as  for  a  kymograph  experiment,  the  whole 
system  is  filled  with  the  fluid  to  prevent  coagulation,  and  then  coupled  up 
with  the  arterial  cannula. 

Hiirthle's  membrane  manometer  (fig.  357). — The  mass  of  all  the  mov- 
ing parts — the  membrane  and  the  fluid — is  reduced  to  a  minimum.  The 
instrument  consists  of  a,  very  small  tambour — something  like  that  of 
Marey,  but  only  15  mm.  in  diameter,  and  of  very  small  capacity.  It  is 
covered  with  thick  rubber.  A  thin  metal  disc  is  fixed  to  the  centre  of  the 
membrane,  and  is  connected  to  the  recording  lever  in  the  usual  way.  A 
second  motionless  recording  style  is  attached  to  indicate  the  zero  pressure. 


Fig.  356.— Hiirthle's  spring  manometer,  Irom  tlie  side. 


Fig.  357.— Hiirthle's  membrane  manometer  seen  from  above. 


The  tambour  is  provided  with  an  inlet  (with  a  tap)  communicating  with 
the  artery.  To  the  opposite  end  of  the  tambour  is  attached  another  tube 
(with  a  tap)  which  is  connected  to  a  pressure-bottle  filled  with  the  anti- 
coagulating  fluid.  The  writing  points  can  be  adjusted  to  the  blackened 
surface  by  means  of  appropriate  screws.  A  modified  form  suggested  by 
T.  G.  Brodie  is  made  by  Palmer. 

(a)  Insert  cannula  in  artery.  Fill  the  instrument  with  magnesium  sul- 
phate solution  or  half-saturated  sodium  sulphate  from  a  pressure-bottle 
and  connect  by  a  short  tube  with  the  cannula.  Close  clip  near  cannula. 
Raise  the  pressure-bottle  whereby  the  membrane  and  lever  are  raised. 
Bring  the  recording  lever  horizontal  and  clamp  it  in  that  position.  Open 
the  clip  on  the  cannula,  the  lever  falls  and  stands  at  the  level  of  the  zero 
pressure.  Bring  the  control  motionless  lever  to  the  same  level.  Close  the 
cannula,  raise  the  pressure-bottle  to  increase  the  pressure  in  the  mano- 
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meter,  close  tap  communicating  with  pressure-bottle.  Finally,  remove 
the  clamp  or  bull-dog  forceps  on  the  artery,  and  the  lever  records  its  move- 
ments (fig.  358). 


Fig.  358.— Arterial  blood-pressure  recorded  with  spring  or  membrane  kymograph.   Effect 
of  stimulation  «t  peripheral  end  of  vagus  (Stirling). 


Of  course  the  pressure  cannot  be  read  off  directly.  The  instrument  must 
be  previously  calibrated  to  determine  the  value  of  the  pressure  in  terms 
of  Hg. 
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MOVEMENTS  OP  CHEST  WALI.— ELASTICITY  OF 
LUNGS— HYDROSTATIC  TEST— STETHO  GRAPH 
— APN(EA. 

1.  Movements  of  chest  wall — Stethograph. 

A.  Babbit. — (a)  Arrange  a  drum  and  time-marker.      Fix  a 

rabbit  on  Czefmak's  rabbit-holder,  or  use  the  simpler  form  of 

Malassez  or  Steinach,and 
with  tapes  tie  on  its  chest 
Marey's  double  tambour 
(fig.  359),  connecting  the 
latter  "with  a  recording 
tambour  adjiisted  to 
write  on  the  drum.  In- 
sert between  the  re- 
ceiving and  recording 
tambours  either  the 
valve  usually  supplied 
with  Marey's  apparatus 
or  a  T-tube  with  a  screw 
clamp,  whereby  the  pres- 
sure within  the  system 
of  tubes  can  be  regu- 
lated. Take  a  tracing. 
If  one  of  the  receiving 
tambours  be  placed  over 
the  cardiac  impulse,  the 
tracing  will  show  also 
the  heart  -  beats  (fig. 
360). 

B.  Man.— (6)  Stethograph  (Marey's). — Eaise  the  screw,  g,  of 
the  stethograph,  and  fix  the  plate,  /,  of  the   instrument  on  the 


S-  359-  —Marey's  double  tambour,  to  be  tied 
round  the  chest  of  a  rabbit. 
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exposed  chest,  with  tapes  attached  to  c  and  d.  Depress  g',  con- 
nect the  tube,  a,  with  a  recording  tambour,  with  the  same  pre- 
cautions as  in  1,  A,  and  take  a  tracing  (fig.  362).  Examine  the 
tracing,  noting  the  relation  between  inspiration  and  expiration. 


Fig.  360.— Stethographjtracing  of  a  mbbit.    The  tracing  shows  undulations  due  to 
the  beats  of  the  heart.    T  indicates  time  in  seconds. 


Fig.  361.— Marey's  stethograph. 


(c)  Polygraph  (Eothe). — Use  this  polygraph,  record  the  respira- 
tory movements  by  means  of  the  bag  (fig.  298,  A),  and  study  the 
tracing  (fig.  362). 


Fig.  362.— stethograph  tracing,  taken  with  Sothe's  polygraph. 


PRACTICAL  PHYSIOLOGY.  [LXVII. 

2.  Elasticity  of  lungs,^ — Remove  the  front  of  the  chest  in  the 
rabbit  already  used.  Observe  the  collapsed  lungs.  To  the 
tracheal  cannula  attach  the  bellows  of  a  spray-producer,  and 
inflate  the  lungs.  Oease  pumping,  and  observe  how  the  lungs 
collapse. 

3.  Hydrostatic  test. — Out  out  lungs  and  heart,  and  place  them 
in  water.  They  float,  as  the  lungs  contain  so  much  air.  Cut  off 
a  piece  of  lung,  place  it  in  water,  it  floats.  This  is  the  hydro- 
static test.     Compare  a  piece  of  pneumonic  Umg  ;  it  sinks. 

4.  Apnoea. — (a)  Count  the  number  of  your  own  respirations 
per  minute.  Take  a  series  of  rapid  respirations.  Several 
seconds  elapse  before  the  next  inspiration.  This  is  the  period 
of  apnoea. 

(6)  Record  your  own  chest  respiratory  movements  by  means 
of  Marey's  stethograph  or  other  form  of  instrument.  Take  four 
or  five  deep  inspirations ;  observe  the  stage  of  apnoea  and  com- 
pensatory increase  of  respiratory  movements  afterwards. 

5.  Deglutition  apn(Ea.^(a)  Test  how  long  you  can  "  hold  your 
breath."     Note  the  time. 

(6)  After  a  time,  sip  water  without  breathing,  and  note  that, 
under  this  condition,  the  time  the  breath  can  be  held  is  nearly 
doubled.  The  successive  acts  of  deglutition  influence  the 
respiratory  centre  in  the  medulla  oblongata,  as  well  as  the 
cardio-inhibitory  centre  (Kronecker).  Other  centres  are  influ- 
enced by  sipping. 

6.  Voluntary  respiration. — Test  in  yourself  how  long  this  can 
be  kept  up.     One  cannot  continue  it  for  more  than  two  minutes. 

7.  Stethometer  of  Burdon-Sandersou. 

(a)  Prepare  a  drum  and  time-marker.  Cause  a  person  to  expose  his 
chest,  and  seat  himself  conveniently.  The  instrument  is  suspended  by  a 
broad  band  placed  round  the  neck,  the  horizontal  bar  being  behind  the 
body. 

(6)  The  most  important  diameters  of  the  chest  to  measure  are — "Those 
connecting  the  eighth  rib  in  the  axillary  line  with  the  same  rib  on  the 
opposite  side,  the  manubrium  sterni  with  the  third  dorsal  spine,  the  lower 
end  of  the  sternum  with  the  eighth  dorsal  spine,  and  the  ensiform  cartilage 
with  the  tenth  dorsal  spine."  Measure  only  the  first. •  Adjust  the  knob 
of  the  tambour  on  one  side  against  the  eighth  rib,  as  above,  while  the 
movable  bar  with  its  knob  is  placed  against  the  opposite  corresponding 
rib.  Connect  the  tambour  with  the  recording  tambour,  introducing  a 
T-pieoe,  the  stem  of  which  is  provided  with  an  india-rubber  bag  and  screw 
clamp  to  regulate  the  pressure  within  the  air  system. 

8.  Any  particular  part  of  the  chest  wall  may  be  studied  by  applying  a 
tambour  directly  over  that  part. 
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9.  Respiratory  variations  of  pressure  (rabbit). — In  the  rabbit, 
which  breathes  almost  entirely  by  its  diaphragm,  these  methods 
are  not  sufficient.  The  respiratory  variations  of  pressure  can 
readily  be  recorded  in  an  ansesthetised  rabbit  by  tying  in  the 
exposed  trachea  one  end  of  a  T-shaped  cannula ;  the  other  hori- 
zontal end,  provided  with  rubber  tubing,  can  be  closed  or  opened 
at  .will.  The  vertical  stem  is  connected  to  a  recording  tambour, 
but  between  the  two  is  a  S-litre  flask.  This  contains  a  great 
mass  of  air,  and  allows  the  animal  to  respire  freely  (fig.  363). 


"^TT^i 


Fig,  363. — ICode  of  recording  respiratory  presBure,  large  bottle  interreniDg  between 
trachea  and  recording  tambour. 

(a)  Expose  the  vagi  in  the  neck.  Raise  one — left — on  a  thread  and 
divide  it  about  the  middle  of  the  neck.  Probably  there  will  be  little 
alteration  either  in  depth  or  rate  of  the  respiratory  movements.  Divide 
the  other  vagus.  At  once  the  number  of  respirations  diminishes,  and  each 
respiration  is  slower  and  deeper. 

(6)  Arrange  a  coil  and  electrodes.  Stimulate  the  central  end  of  one 
vagus,  and  observe  the  reflex  arrest  of  the  respiratory  movements.  Note 
phase  of  arrest. 

(c)  The  respiratory  movements  in  dyspnoea  approaching  asphyxia  and 
their  cessation  in  apnoea  can  all  be  readily  studied  by  this  method. 

Many  other  methods  are  used — including  Head's  method  of  recording 
movements  of  a  muscular  slip  of  the  diaphragm  without  opening  the 
thorax — but  they  are  omitted  here. 

10.  Relation  of  respiratory  movements  to  B.P. — This  can  readily  be 
done  in  dog  (fig.  364)  or  rabbit  by  recording  simultaneously  the  B.P.  and 
the  respiratory  movements.  In  the  dog,  on  the  whole  the  arterial  B.P. 
rises  during  inspiration,  and  falls  during  expiration,  although  the  two 
events  are  not  exactly  synchronous.  ,  This  is  not  the  case  in  all  animals. 
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11.  Reflex  arrest  of  respiratory  movements  in  rabbit.— Observe  plajf  of 
nostrils  in  rabbit.  They  dilate  with  inspiration  and  approximate  during 
expiration.  Bring  near  the  rabbit's  nostrils  a  sponge  with  chloroform ;  at 
once  these  movements  of  the  nostrils  and  those  of  the  diaphragm  cease. 

12.  Pressure  in  the  pleural  cavity. — Fix  one  end  of  a  caoutchouc  tube  to 
a  water-manometer  (water  coloured  red),  and  the  other  end  to  a  trocar  and 
cannula.  Thrust  the  trocar  obliquely  through  an  intercostal  space  until 
the  point  of  the  trocar  lies  in  the  space  between  the  two  lawyers  of  the 
pleura.  Observe  how  the  level  of 'the  water  rises  in  the  proximal  limb  of 
the  manometer,  indicating  the  negative  pressure  in  the  pleural  cavity. 


Fig.  364.— Variations  of  art.  B.P.  In  dog  due  to  respiratory  movements,  both  vagi  cut. 
T,  Kesp.  movements  (Insp.  if  descending) ;  Pf,  B.P.  in  femoral  artery. 

13.  Intra-thoracio  pressure. — This  can  be  done  on  a  dead  rabbjt. 

(a)  Fix  the  rabbit  in  Czermak's  rabbit-holder.  Expose  the  trachea,  tie 
in  it  a  knee-shaped  glass  cannula.  Make  a  small  water-manometer  or  bent 
U-tube  with  a  millimetre  scale  attached,  fill  it  about  half  full  with  coloured 
water,  and  to  the  proximal  limb  attach  an  india-rubber  tube  with  a  T-piece 
and  screw  clamp,  as  in  other  experiments.  Connect  the  tracheal  cannula 
with  the  manometer  tube,  tighten  the  screw  clamp,  and  see  that  the  water 
stands  at  the  same  level  in  both  limbs  of  the  manometer.  ■'-i'iA 

(4)  Open  both  pleurse  without  injuring  the  lungs.  The  lungs  collapse, 
the  water  falls  in  the  proximal  side  of  the  manometer,  and  rises  in  the 
open  limb. 

14.  Respiratory  movements  of  frog. — The  air  is  forced  into  the  lungs, 
(a)  Observe  rhythmical  movements  of  the  muscles  of  the  floor  of  the 

mouth  and  of  the  muscles  attached  to  the  hyoid  bone,  the  cavity  of  the 
mouth  is  thus  diminished.     Coincident  with  these  are — 

(6)  Movements  resulting  in  closure  of  the-  external  nares,  and  thus  the 
air  is  forced  into  the  lungs.  At  the  same  time  th^  glottis  is  opened,  but 
the  mouth  must  be  opened  to  see  this. 

(c)  The  act  of  expiration  is  performed  by  movements  of  the  muscles  of 
the  flanks  compressing  the  visceral  contents. 


Livii.] 


MOVEMENTS   OF   CHESTgWALL, 


471 


15.  Sffect  of  respiratory  movements  (diaphragm)  on  entrance  and 
exit  of  air  and  blood  in  thorax. — It  is  easy  to  arrange  a  simple  model 
to  show  the  action  of  inspiration  represented  by  a  descent  of  the  diaphragm 
on  (i.)  entrance  of  air  into  lungs ;  (ii.)  pressure  on  lungs  ;  (iii.)  blood-fiow 
into  and  out  of  chest.  Bering's  apparatus  (fig.  365),  made  by  Rothe,  shows 
these  various  points. 


^i£'  365. — Bering's  apparatus  showing  eif  ects  on  entrance  and  exit  of  air  and  blood.    K 
represents  Diapliragm ;  F,  Heart ;  C,  Trachea ;  D,  Manometer  connected  with  air 
Made  by  Bothe. 


16.  Artificial  respiration  In  animals. — In  some  experiments — e.g.,  where 
a  curarise4  mammal  is  used — it  is  necessary  to  employ  artificial  respiration. 
This  is  done  by  fixing  a  metallic  or  glass  respiration  cannula  in  the  trachea 
(fig.  367)  and  connecting  this  with  a  bellows  (fig.  366).  The  rate  and 
excursion  of  the  latter  can  be  regulated.  In  some  cases  the  bellows  is 
moved  by  hand,  in  others  by  means  of  an  electric  or  other  motor.  If 
heated  air  be  required,  the  tube  leading  to  the  trachea  can  easily  be 
heated. 
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}\  ^^™eabi]ity  ofhmga  to  gases. 

out  onf  tKJ^^  iT^^  °^  ?  recently  pithed  frog,  ligature  one  bronchus, 

r^^id^v  dltfni^S'K  ^"f?^  ^?  TP^""^  >^  «  *°  atmosphere  of  CO^.    It  is 
rapidly  distended  by  CC^  (N.  Zuntz,  Pfliig.  Arch.,  xlil,  1888). 

wilit  f ^^"^1  the  bronchus  of  a  frog's  lung,  cut  it  out,  attach  a  lead 
Zffi  ^""i  Pl^pf  *he  whole  in  soda-water  in  an  open  burette.     The  lung 

t>>«  fe^  ■  r*^^-^"'^*^  ""^  *^°  fl°^*5  t°  tl'e  surface.     Observe,  wait 
—the  lung  sinks  (L.  Hill,  Proc.  Phys.  Soc,  1899). 


Fig.  366.— Bellows  for  artificial  respiration,  to  be  moved  by  hand. 


1^^ 


Fig.  367.— Bespiration  cannula  for  rabbit.    The  narrow  tube  is  tied  in  the  trachea 
with  open  end  towards  the  lungs.  ' 
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LESSON  LXVIII, 


VITAL    CAPACITY— EXPIRED    AIR- 
BLOOD  AND  AIR. 


-GASES    OF 


1.  Vital  capacity. — Use  Hutchinson's  spirometer — -ix.,  take  the 
deepest  possible  inspiration,  and  then  make  the  deepest  possible 
expiration,  expiring  into  the  mouthpiece  of  the  spirometer. 
The  average  vital  capacity  is  about  3700  c.c.  (230  cubic  inches), 
but  it  varies  with  age,  height,  sex,  and  practice  in  using  the 
instrument,  &c. 

2.  Changes  in  expired  air — Black's  experiment. 

(a)  Place  equal  quantities  of  lime-water  in  two  vessels,  A  and 
B.  Take  a  deep  breath,  close  the  nostrils,  and  expire  through 
a  bent  glass  tube  into  A.  The  lime-water  soon  becomes  milky, 
owing  to  the  large  amount  of  CO^  expired  combining  with  the 
lime  to  form  carbonate  of  lime.  With  the  elastic  pump  of  a 
spray  -  producer  pump  air 
through  B.  B  remains  clear. 
Therefore  the  COj  must  have 
been  added  to  the  inspired 
air  in  the  respiratory  organs. 

(6)  Miiller's  valves. — Arrange 
two  flasks,  A  and  B,  and  tubes, 
as  in  fig.  368,  with  lime-water  in 
both.  Close  the  nostrils,  apply 
the  mouth  to  the  tube,  and  in- 
spire. The  air  passes  in  through 
A,  and  is  freed  of  any  COj  it  may  contain.  Expire,  and  the  air  goes  out 
through  B,  in  which  the  lime-water  becomes  turbid. 

(c)  Faraday's  experiment. — Place  about  two  litres  of  water  in  a  basin, 
and  in  it  put  erect  a  bell-jar.  Ascertain  that  a  lighted  taper  bums  in  the 
jar.  Renew  the  air,  place  in  the  neck  of  the  jar  a  glass  tube  with  a  piece 
of  india-rubber  tubing  attached.  Close  the  nostrils,  apply  the  mouth  to 
the  tube,  and  inspire.  The  water  rises  in  the  bell-jar.  Then  expire,  the 
water  sinks,  and  the  air  which  was  originally  present  above  the  water  has 
been  taken  into  and  expelled  again  from  the  respiratory  passages.  Remove 
the  cork,  and  place  a  lighted  taper  in  the  expired  air.  The  taper  is  ex- 
tinguished (fig.  369). 

3.  Swallowing. — (a)  Test  on  yourself  how  rapidly  (few 
seconds)  you  can  swallow  a  large  glass  of  water.     In  swallowing 


Fig.  36S.— Miiller's  yalvea. 
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liquids,  the  liquid  is  projected  through  the  pharynx  and 
(Bjophagus  right  into  the  stomach,  chiefly  by  the  contraction 
of  the  mylohyoid  muscles  in  the  floor  of  the  mouth  {Kroneoker 
and  Meltzer). 

ib)  Effect  on  pulse — i.e.,  heart  (Lesson  LXI.,  3). 

4.  Blood  gasea — Gas  pumps. — Blood  yields  about  6o  volumes  per  cent, 
of  gases  to  a  vacuum.  The  gases  in  the  blood — COj,  O,  and  N — are 
extracted  from  it  by  means  of  a  gas  pump.  Various  forms  have  been 
constructed,  including  those  of  Ludwig,  Pfiuger,  and  Alvergniat.  Study 
these  and  the  principle  of  their  construction.     It  requires  a  considerable 

amount  of  time  to  become 
thoroughly  acquainted  with 
the  practical  working  of 
these  instruments. 

Sztraction  from  blood. 
— The  gases  must  first  be 
extracted  from  the  blood 
and  collected  over  Hg. 
Then  the  composition  of 
the  mixture  has  to  be 
ascertained. 

L.  Hill's  gas  pump  (fig. 
370)  "  consists  of  a  mercury 
reservoir,  A,  about  300  0.  c. 
in  capacity,  which  is  con- 
nected with  a  second  re- 
servoir, B,  by  means  of  120 
cm.  of  pressure  tubing.  The 
upper  end  of  the  reservoir 
B,  is  closed  by  a  three-way 
tap,  D.  By  means  of  this 
tap  the  reservoir,  B,  can  be 
put    in    connection    with 


Fig.  369.— Faraday's  experiment. 


either  the  tube,  E,  leading  to  the  blood  receiver,  F,  or  with  the  tube,  C, 
leading  to  the  eudiometer,  H.  The  tubes  E  and  C  are  made  of  manometer 
tubing.  The  blood  receiver,  F,  which  also  acts  as  the  froth  chamber,  con- 
sists of  three  glass  bulbs  connected  by  short  and  wide  junctions.  To 
either  end  of  the  blood  receiver  is  fixed  a  piece  of  pressure  tubing,  provided 
with  a  screw  clip. 

"In  using  the  pump  a  blood  receiver  is  aflixed  to  the  end  of  the  tube,  E, 
and  the  receiver  is  elevated  into  the  position  indicated  by  the  dotted  out- 
line. The  reservoir,  B,  is  then  put  in  connection  with  the  tube,  E,  by 
mbans  of  the  three-way  tap,  D,  the  reservoir.  A,  is  raised  above  the  pump, 
and  the  whole  system  is  filled  with  mercury  to  the  top  of  the  blood 
receiver,  F.  The  screw  clip  on  the  rubber  tube  at  the  upper  end  of  F  is 
then  closed,  and  the  reservoir.  A,  lowered  until  the  blood  receiver  is 
exhausted,  except  for  2  or  3  o.c.  of  mercury,  which  are  purposely  left 
within.  The  screw  clip  on  the  lower  end  of  F  is  next  closed,  and  the 
blood  receiver  now  clipped  at  either  end,  exhausted,  detached  from  tube 
E,  and  weighed. 

"  Collect  a  sample  of  blood.  The  arterial  or  venous  cannula  is  filled  with 
blood,  and  immediately  afterwards  pushed  into  the  rubber  tube  at  the  end 
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of  the  blood  receiver,  as  far  as  the  closed  screw  clip.  Before  the  insertion 
of  the  cannula,  the  end  of  the  rubber  tube  is  compressed  with  the  fingers 
to  exclude  the  air  within  it.  A  sufficient  quantity  of  blood  is  now  with- 
drawn by  opening  at  the  same  time  the  screw  clip,  and  the  clip  placed  on 
the  vessel  of  the  animal.  The  blood  is  defibrinated  by  shaking  it  with  the 
mercury  left  within 
the  blood  receiver  for 
that  purpose,  and  the 
latter  is  then  again 
weighed.  The  weight 
of  the  sample  of  blood 
is  then  obtained.  The 
blood  receiver  is  next 
affixed  once  more  to 
the  tube,  E,  in  the 
dependent  position 
shown  in  the  figure, 
and  the  tube,  E,  is  ex- 
hausted. Finally,  the 
screw  clip  between  EJ 
and  the  blood  receiver 
is  opened,  and  the 
gases  are  withdrawn 
and  collected  in  the 
eudiometer.  Since  the 
blood  receiver  hangs 
freely  from  the  tube, 
E,  by  means  of  a  piece 
of  rubber  tubing,  it  can 
be  both  immersed  in 
warm  water  and 
shaken  to  facilitate 
the  complete  escape  of 
the  gases.  The  bulbous 
form  of  the  blood  re- 
ceiver prevents  the 
blood  from  frothing 
over  into  the  pump; 
and  if  the  action  be- 
comes too  violent,  it 
can  be  immediately 
allayed  by  pouring  a 
few  drops  of  warm 
water  on  to  the  tube, 
E.  The  bubbles  are 
thereby  driven  back 
into  the  receiver,  and 
the  pump  is  never  fouled.  The  tap,  D,  is  so  manipulated  that  the 
gases  only,  and  not  the  water  which  condenses  in  the  reservoir,  B,  are 
driven  over  into  the  eudiometer.  The  water  is  returned  back  into  the 
blood  receiver.  Three  to  four  exhaustions  are  sufficient  to  extract  all  the 
gases  from  about  lo  grms.  of  blood.  The  gases  are  estimated  by  the  potash 
and  pyrogallio  acid  method.  The  eudiometer  tubes  are  surrounded  with 
a  water  jacket  to  keep  the  temperature  constant.     In  research  work  simul- 


Fig.  370.— Leonard  Hill's  gas  pump. 
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taneouB  samples  are  drawn  from  the  arterial  system,  and  from  the  vein 
leaving  the  organ,  the  metabolism  of  which  is  under  investigation.  The 
sample  of  blood  can  be  drawn  conveniently  into  small  bulbs  holding  about 
10  CO.,  which  have  been  previously  washed  out  with  oil ;  from  thence  the 
blood  is  rapidly  transferred  to  the  blood  receiver.  No  loss  of  gas  has  been 
found  to  occur  in  using  this  method"  (Hill  &  Nabarro  on  "The  Exchange 
of  Blood  Gases  in  Brain  and  Muscle,"  Joum.  ofPhys.,  xviii.,  1895). 

"  In  addition  to  the  blood  receiver,  a  muscle  chamber  is  supplied  with 
the  pump  (fig.  371).  This  chamber  is  closed  at  the  upper  end  by  a  rubber 
cork,  and  the  cork  is  surrounded  by  a  mercury  cup.  A  short  piece  of  glass 
tubing,  A,  passes  through  the  cork,  and  this  is  fitted  with  a  piece  of  pres- 
sure tubing  and  a  screw  clip.  Two  insulated  platinum  wires,  B  and  C, 
also  pass  through  the  cork — one  of  these  ends  in  a  hook.  From  this  hook 
the  frog  muscle  preparation  is  suspended.  At  the  lower  end  of  the  muscle 
is  attached  a  vulcanite  bucket,  D,  fitted  with  a  vertical  rod,  E.     From  the 


Fig.'  371.— Muscle  chamber  for 
analysis  of  gases  of  muscle. 


Fig.  372.— Gases  collected  over  mercury.    A  ball 
of  caustic  potash  absorbing  the  COj. 


wire  C  passes  a  piece  of  fine  wire,  which  is  tied  round  the  lower  end  of  the 
muscle.  After  fitting  the  muscle  preparation  in  position,  the  muscle 
chamber  is  first  attached  to  the  tube,  E,  of  the  gas  pump,  and  then  filled 
with  mercury  up  to  the  top  of  the  tube,  A.  During  this  operation  the 
vertical  rod  fixed  to  the  vulcanite  bucket  prevents  the  muscle  from  floating 
up  on  the  top  of  the  mercury.  The  screw  clip  on  A  is  next  closed,  and 
a  vacuum  made  in  the  muscle  chamber.  The  bucket,  D,  is  left  full  of 
mercury,  and  hangs  as  a  weight  on  the  muscle.  The  muscle  can  be  excited 
to  contract  through  means  of  the  wires,  B  and  C.  By  this  apparatus  the 
contraction  of  muscle  in  vacuo  can  be  demonstrated,  and  the  gas  evolved 
by  the  muscle  can  be  estimated.  The  gases  of  scalded  and  minced  muscle 
(Hermann's  method)  can  be  extracted  by  the  use  of  the  blood  receiver. 
The  muscles,  if  desired,  can  be  scalded  and  fixed  while  in  vacuo,  by  allow- 
ing hot  water  to  enter  through  the  tube,  A." 
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Analysis  of  blood-gaseB.^-(a)  Suppose  the  gases  to  be  extracted  and 
collected  in  a  eudiometer  over  mercury  (fig.  372).  Or,  for  practice,  and 
merely  to  grasp  the  principle  how  the  relative  proportion  of  the  gases  in 
a  mixture  is  ascertained,  the  student  may  use  air  containing  a  small  quan- 
tity of  carbon  dioxide. 

(6)  Fuse  a  ball  of  potash  on  the  end  of  platinum  wire  (best  done  in 
a  bullet  mould).  Introduce  this  under  the  mercury  into  the  gases  in  the 
eudiometer.  The  caustic  potash  absorbs  all  the  COj  {24  hours),  and  the 
diminution  in  volume  represents  the  proportion  of  COj  in  the  mixture. 

(c)  With  a  curved  pipette  introduce  a  solution  of  pyrogallie  acid  into 
the  eudiometer  containing  the  remainder  of  the  gases ;  this  unites  with 
the  potash  to  form 
pyrogallate  of  potash, 
which  rapidly  absorbs 
the  O.  The  decrease 
in  volume  represents 
the  amount  of  O.  The 
remainder  represents 
N. 

There  are  other 
methods  of  estimating 
the  proportion  of  the 
gases,  but  this  simple 
experiment  is  sufficient 
to  explain  the  general 
principle  on  which  such 
estimations  are  made. 
Of  course  there  are 
corrections  for  tem- 
perature and  pressure, 
and  other  precautions 
which  require  to  be 
taken,  but  we  do  not 
enter  into  these  here. 

5.  Oxygen  capacity 
of  blood  (Ferricyanide 
method).  —  This  me- 
thod, devised  indepen- 
dently by  J.  Haldane 
(Jomm.  of  Plvyg.,  xxii., 
298;  XXV.,  295,  1900), 
and  V.  Zeynek  and 
Hiifner  (Arch.f.  Anat. 
u.  Physiol.,  1894  and  1899),  depends  on  the  fact  that  the  combined  0  is 
liberated  rapidly  and  completely  on  adding  solution  of  potassium  ferri- 
cyanide to  laked  blood.  It  may  be  measured  by  an  apparatus  similar  to 
that  of  Dupr6  for  estimating  urea  in  urine  (fig,  373). 

The  blood  must  be  collected  in  a  cleanly  manner,  and  kept  on  ice  unless 
the  determination  can  be  made  at  once,  because  bacteria  may  vitiate  the 
results. 

(a)  Measure  into  the  bottle.  A,  by  means  of  a  pipette,  20  c.c.  of  oxalated 
or  defibrinated  blood  (Lesson  V.,  14),  thoroughly  mixed  with  0  by  swing- 
ing it  round  in  a  large  flask. 

(6)  To  it  add  30  c.c,  of  ammonia  solution,  prepared  by  diluting  ordinary 


^^ 


Fig.  373.— Haldane's  apparatus  for  estimating  0  combined 
with  Kb  by  ferricyanide  method. 
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strong  ammonia  (S.G.  0'88)  with  distilled  water  to  -5^5.  The  ammonia 
prevents  the  COj  from  being  given  off,  and  the  distilled  water  "lakes" 
the  corpuscles.     Mix  by  shaking. 

(c)  Pour  about  4  c.c.  saturated  solution  of  potassium  ferricya-nide  into 
the  tube,  B,  and  place  it  upright  in  A. 

{d)  Connect  A  by  stout  rubber  tubing  ( i  mm.  bore)  to  the  burette,  and 
place  A  in  the  vessel  of  water,  C,  with  T°  as  near  as  possible  that  of  the 
room  and  blood.  Open  side  tube  of  burette,  and  by  means  of  levelling  tube 
level  water  in  burette  at  top.  Close  side  tube,  and  note  reading  of  burette, 
(e)  Adjust  water-gauge  (i.e.,  for  T°  and  P)  (i  mm.  bore)  to  a  definite 
mark.     It  has  some  Hg  in  it  to  sink  it. 

(/)  When  the  reading  of  the  burette  is.  constant,  tilt  the  bottle  to 
upset  B.  Mix  thoroughly.  All  the  combined  oxygen  is  given  off.  Re- 
adjust temperature  of  water.  Note  T°  and  barometer.  Measure  volume 
of  evolved  gas  and  reduce  to  its  dry  volume  at  0°  and  760  mm.  To  calcu- 
late the  amount  in  100  c.c.  of  blood  take  the  original  20  c.c.  blood  as  equal 
to  I9'6  0.0.  Usilally  fresh  defibrinated  ox  blood  yields  about  4'is  to 
4'i8  c.c,  which  gives  about  24  vols,  of  0  per  100  vols,  of  blood.  With 
oxalated  blood  Haldane  found  the  amount  to  be  20  to  22  vols,  per  100. 
6.  Analysis  of  expired  air  by  Hempel's  method.* 
A  burette,  A  (fig.  374),  containing  100  c.c,  and  graduated  into  tenths 
of  ace,  is  used  to  measure  the  expired  air.     It  communicates  below  by 

means  of  an  india-rubber  tube  with 
the  movable  tube  or  reservoir  for 
water,  B.  Above,  A  is  connected  to 
an  absorption  pipette  by  means  of  a 
short  india-rubber  tube  of  i  to  2  mm. 
diameter  with  thick  walls,  and  pro- 
vided with  a  Mohr's  clip.  The  tube.  A, 
is  placed  in  connection '  successively 
with  the  pipettes,  psc,  which  contain  a 


Fig.  374.— Hempel's  burette  connected  with 
a  potash  pipette  to  absorb  the  COj. 


Fig.  37s.— Pipette  with  phosphorus 
to  absorb  the  oxygen. 


solution  of  caustic  potash  to  absorb  the  COj ;  and  fig.  375,  which  contains 
sticks  of  red  phosphorus  in  water  to  absorb  the  0. 


*  Methods  of  Gas  Analysis,  by  W.  Hempel.     London,  189?. 
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Suppose  the  gas  to  he  collected  in  A ;  measure  its  amount  when  B  is  so 
placed  that  the  level  of  the  acidulated  water  is  equal  in  both. 

Biemove  Mohr's  clip  from  a,  raise  B,  and  force  all  the  air  into  p.  Then 
lower  B,  and  withdraw  unabsorbed  air  from  p.  Measure  the  volume 
of  air. 

Connect  A  with  the  phosphorus  pipette  and  force  the  air  into  it  by 
raising  B.     Lower  B,  and  estimate  the  remaining  volume  of  air.     In  each 


fig.  376.-^A.  Waller's  modification  of  Zuntz's  gaa  pump. 
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case  the  difference  of  volume  of  air  corresponds  to  the  quantity  of  gas 
absorbed.  The  temperature  of  A  can  be  kept  constant  by  placing  it  in 
a  wide  tube  through  which  water  is  kept  circulating  as  in  a  Liebig's 
condenser. 

7.  Analysis  of  expired  air,  COj. — The  modified  apparatus  by  Waller 
(fig.  376)  is  used.  It  consists  of  a  measuring  tube  (100  c.c),  graduated  in 
tenths  of  a  cubic  centimetre  between  75  and  100,  and  surrpunded  by  a 
water  jacket,  a  filling  bulb,  B,  and  two  gas  pipettes  ;  that  on  the  left,  K, 
contains  strong  solution  of  caustic  potash  (for  absorption  of  COj),  the 
pipette  on  the  right  contains  sticks  of  phosphorus  in  water  (for  absorp- 
tion of  O3).     When  dea,lihg  with  COj,  clamp  3  ;  with  Oj,  clamp  2. 

(a)  Measurement  of  expired  air. — Open  tap  or  clamp  i,  fill  B  with  acidu- 
lated water,  raise  B  and  fill  the  measuring  tube  to  Z  (zero).  Through  M 
breathe  out  100  c.c.  of  expired  air,  'at  the  same  time  lower  B  until  the 
fluid  in  the  bulb  and  burette  is  adjusted  to  100.     Close  i. 


Pig.  377. — ^Apparatus  for  estimating  CO2  produced  by  a  small  mammal  or  pigeon.  BB\ 
Vessels  containing  EHO ;  C,  Baryta ;  A,  Pot  animal ;  D,  Water ;  E  to  E"',  Baryta ; 
P,  Aspirating  tube  (L.  Predericq). 

(6)  Amount  of  COj^. — Open  clamp  2,  raise  B,  propel  expired  air  slowly 
into  K  until  the  fluid  reaches  zero,  Z.  Close  2  for  a  few  minutes  to  allow 
of  the  complete  absorption  of  CO^.  Open  2,  lower  B,  whereby  the  un- 
absorbed  constituents  are  sucked  back  into  the  measuring  tube,  and  in 
doing  so  bring  the  fluid  in  B  to  the  same  level  as  in  the  measuring  tube. 
Bead  off  the  diminution  in  volume,  which  represents  the  p.c.  amount  of 
CO3  expired. 

(c)  Amount  of  Oj. — This  is  ascertained  in  a  similar  manner.  CloBe.2, 
open  3,  raise  B,  and  propel  the  remaining  air  into  P,  pipette  (5  to  10  mins. ). 
Suck  air  back  into  measuring  tube,  and  note  loss  of  volume. 

8.  Estimation  of  CO2  expired. — A  small  animal— e.gr.,  guinea-pig  or 
pigeon — produces  far  more  COj  per  kilo,  unit  weight  of  body  than  does 
man.  Air  inspired  contains  '03  to  "04  p.  0.  of  COj,  and  expired  air  (man) 
4  to  S  p.c. — i.e.,  the  CO2  is  increased  one  hundredfold. 

(o)  Place  a  pigeon  or  guinea-pig  in  A  (fig.  377)  hermetically  sealed  aboYQ 
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with  a  water  valve.  The  apparatus  is  so  arranged  that  a  rapid  current 
of  air  can  be  drawn  through  the  whole  system  by  means  of  an  aspirator. 
B  and  B'  contain  KHO,  and  C  baryta  water.  The  air,  when  aspirated, 
should  not  make  C  turbid.  D  contains  water,  and  E,  E'  E"  E'"  contain 
500  c.c.  of  a  titrated  solution  of  baryta  water.  Aspirate  air  rapidly 
through  the  system — half  an  hour  or  more — as  long  as  E'"  remains  clear, 
and  stop  as  soon  as  it  begins  to  be  turbid.  Note  duration  of  experiment — 
say  30  minutes. 

(5)  Collect  and  thoroughly  mix  the  fluid  in  E'  E"  E'"-  Let  the  carbonate 
of  barium  subside,  and  then  remove  with  a  pipette  some  of  the  clear  super- 
natant liquid,  and  determine  by  titration  the  amount  of  bariulh  still  left — 
i.e.,  uncombined  with  CO3. 

(c)  Suppose  the  experiment  lasted  30  mins.,  the  weight  of  guinea-pig 
527  grms.,  quantity  of  baryta  500  c.c.  titrated  before  experiment  (10  c.c. 
=  28-8  CO.  COj),  and  after  (10  0.0.  =  22-1  0.0.  COj),  then  the  quantity  of 
COj  produced  per  hour  will  be  {L.  Fredericq) — 

28-8  -  22'i  X  50  _  .  „„ 

—  X  2  X  1000  =  1270  c.c.  of  UOo 

527 
— i.e.,  several  times  the  amount  expired  by  man. 

[See  also  a  convenient  apparatus  for  COj  and  HjO,  by  Haldane,  where 
the  COj  is  absorbed  by  means  of  soda  Ivaie  (Jcmm.  of  Phys.,  xiii.,  419, 
1892).] 

9.  CO2  in  air. — A  simple  method  for  its  estimation  in  air  is  given  by 
J.  Haldane,  Jormm.  of  Hygiene,  i.,  1901. 


LESSON   LXIX. 

LARYNGOSCOPE— VOWELS. 

1.  The  laryngoscope  is  used  to  investigate  the  condition  of  the 
pharynx,  larynx,  and  trachea.  Various  forms  are  in  use,  but 
they  all  consist  of  (i)  A  small,  usually  circular,  plane  mirror 
fixed  to  a  metallic  rod  at  an  angle  of  120° ;  the  metallic  rod  fits 
into  a  suitable  handle,  and  is  fixed  by  means  of  a  screw.  (2)  A 
large  concave  mirror  of  about  20  cm.  focus,  perforated  vidth  a 
hole  in  the  centre,  and  secured  to  the  operator's  forehead  by 
means  of  a  circular  band  passing  round  the  head.  The  mirror 
itself  is  fixed  in  a  ball-and-socket  joint,  so  that  it  can  be  moved 
in  every  direction. 

A.  Practise  first  of  all  on  a  model  of  the  head  and  larynx 
provided  for  the  purpose. 

31 


482  PRACTICAL  PHYSIOLOGY.  [lXIX. 

B.  On  a  living  person. — (a)  Plac?  the  patient  upright  in  a 
chair.  A  good  source  of  artificial  light — e.g.,  a  suitable  Argand 
or  incandescent  lamp — is  placed  near  the  side  of  the  patient's 
head,  a  little  above  the  level  of  his  mouth.  Mackenzie's 
rack-movement  lamp  is  convenient.  The  observer  seats  himself 
opposite  and  close  to  the  patient,  places  the  large  mirror  on  his 
forehead,  and  either  looks  through  the  central  hole  in  it  with 
one  eye,  or  raises  it  so  that  he  can  just  see  under  its  lower  edge. 

(6)  Seated  in  front  of  the  patient,  the  observer  directs  a  beam 
of  light  until  the  lips  of  the  patient  are  brightly  illuminated. 
The  patient  is  then  directed  to  incline  his  head  slightly  back- 
wards, to  open  his  mouth  wide,  and  protrude  his  tongue.  Place 
a  clean  handkerchief  over  the  tongue,  and  give  the  patient  the 
handkerchief  to  hold,  which  secures  that  the  tongue  is  kept 
protruded  and  well  forward.  Move  the  large  mirror  until  the 
uvula  and  back  of  the  throat  are  brightly  illuminated,  the 
operator  moving  his  head  slightly  to  and  from  the  patient  until 
the  greatest  brightness  is  obtained. 

(c)  Take  the  small  laryngeal  mirror  in  the  right  hand,  and 
warm  it  gently  over  the  lamp  to  prevent  the  condensation  of 
moisture  on  its  surface.  Test  its  temperature  on  the  skin  of  the' 
cheek  or  the  back  of  the  hand.  Holding  the  handle  of  the 
mirror  as  one  does  a  pen,  rapidly  carry  it  horizontally  backwards, 
avoiding  contact  with  any  structures  in  the  mouth,  until  its 
back  rests  against  the  base  of  the  uvula.  At  the  same  time 
direct  the  beam  of  light  upon  the  laryngeal  mirror,  when  an 
inverted  image  of  the  larynx  will  be  seen  more  or  less  perfectly. 

{(£)  By  moving  the  laryngeal  mirror,  not,  however,  pressing 
too  much  on  the  uvula,  or  continuing  the  observation  for  too 
long  a  time,  one  may  explore  the  whole  of  the  larynx.  Perhaps 
only  the  posterior  part  of  the  dorsum  of  the  tongue  is  seen  at 
first ;  if  so,  slightly  depress  the  handle  of  the  mirror,  when  the 
curved  fold  of  the  slightly  yellowish  epiglottis  and  its  cushion, 
with  the  glosso-epiglottidean  folds,  come  into  view.  In  the  middle 
plane  are  the  true  vocal  cords,  which  are  pearly  white  and 
shining,  and  best  seen  when  a  high  note  is  uttered,  and  between 
them  the  chink  of  the  glottis.  Above  these  are  the  false  vocal 
cords,  which  are  red  or  pink,  the  ary-epiglottidean  folds,  with  on 
each  side  the  ca/rtilages  of  Wrisberg  farthest  out,  the  cartilages  of 
Santorini  internal  to  this,  and  the  arytenoid  cartilages  near  the 
middle  plane  (figs.  378,  379). 

(e)  Ask  the  patient  to  sing  a  deep  or  high  note,  or  inspire 
feebly  or  deeply,  and  observe  the  change  in  the  shape  of  the 
glottis.     On  uttering  a  deep  note  the  tracheal  rings  may  be  seen. 
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N.B. — What  is  seen  by  the  observer  in  the  laryngeal  mirror  on 
his  right  or  left  corresponds  to  the  patient's  left  and  right.  The 
lower  part  of  the  mirror  gives  an  image  of  the  more  posterior 
structures,  while  the  anterior  structures  are  reflected  in  its 
upper  part. 


Fig.  378. — Larynx  during  a  deep  inspiration. 
ge,  OloBBO-epiglottidean  told;  U,  Lip  and 
cusliion  of  epiglottis;  ae,  Ary-epiglottic 
told;  oW,  cS,  Cartilages  of  Wrisberg  and 
Santorini ;  ve.  Vocal  cord ;  vb.  Ventricular 
band;  pv^  Processus  vocalis;  cr.  Cricoid 
cartilage ;  t,  Blngs  ot  trachea. 


Fig.  379. — ^Larynx  during  vocalisa- 
tion, fi.  Fossa  innominata; 
hfy  Hyoid  fossa ;  conit  Arytenoid 
commissure. 


Fig.  380.— Efinig  s  manometric  flame  apparatus. 
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2.  Auto-laryngoSGopy. — The  student  should  learn  to  use  the  laryngo- 
scope on  himself.  Sitting  in  a  chair,  he  fixes  the  large  reflecting  mirror  in 
a  suitable  holder  about  i8  inches  in  front  of,  and  on  a  level  with  his  mouth. 
Behind  and  to  one  side  of  this  an  ordinary  plane  mirror  is  placed  vertically. 
On  one  side  of  his  head  he  places  the  source  of  light.  The  light  is  reflected 
on  to  the  uvula  by  the  reflecting  mirror,  and,  on  introducing  the  small 
larjmgeal  mirror,  by  a  little  adjustment  one  sees  the  image  of  the  larynx 
in  the  plane  mirror.  Or  one  may  use  in  a  similar  way  the  apparatus  of 
Poulis.  In  Dr.  George  .Johnson's,  method  the  ordinary  reflector  is  strapped 
on  to  the  forehead,  and  the  observer  places  himself  in  front  of  a  toilet 
mirror.  In  a  line  with  and  slightly  behind  the  mirror,  and  on  one  side  of 
the  observer  place  a  lamp.  By  means  of  the  reflector  the  image  of  the 
fauces  seen  in  the  mirror  is  illuminated.  Introduce  the  laryngeal  mirror, 
when  the  image  of  the  larynx  is  seen  in  the  toilet  mirror. 

3.  Analysis  of  vowel  sounds. 

Use  Konig's  apparatus,  as  shown  in  fig.  380.  Connect  the  tube  of  the 
capsule  with  the  gas  supply,  light  the  gas-jet,  and  sing  the  vowels  A,  E,  I, 
0,  U  in  front  of  the  open  trumpet-shaped  tube  shown  in  the  figure.  With 
the  other  hand  rotate  the  mirror,  M,  and  observe  the  serrated  reflection  of 
the  flame  in  the  mirror,  noticing  how  the  image  in  the  mirror  varies  with 
each  vowel  sounded.  The  analysis  of  vowels  and  other  sounds,  as  carried 
out  by  M'Kendrick  with  the  aid  of  the  phonograph,  and  by  Hermann,  is 
omitted  here. 


LESSON  LXX. 

CERVICAL  SYMPATHETIC  —  CRYOSCOPY  — 
SALIVARY  SECRETION  — INJECTION  OP 
"  PEPTONES  "  —  KIDNEY  SECRETION  —  BILE 
FISTULA  —ABSORPTION  —  EXCRETION. 

The  effects  produced  by  section  and  stimulation  of  the  sym- 
pathetic nerve  in  the  neck  of  a  rabbit  are  among  the  most 
important  in  relation  to  the  action  of  vaso -motor  nerves  and  can 
readily  be  shown  in  an  anaesthetised  animal. 

1.  Cervioal  sympathetic  nerve  {Action  on  blood-vessels  and  iris). — (a) 
Arrange  a  coil  for  tetanising  shock.  Chloralise  an  albino  rabbit  and  fix  it 
on  a  holder  back  down.  Cut  away  the  hair  from  the  front  of  the  neck. 
Make  a  median  incision  through  the  skin  over  the  trachea,  pull  asunder 
the  skin,  out  through  the  fascia,  and  separate  in  the  mid-plane  the  muscles 
covering  the  trachea.  Isolate  the  carotid  and  vagus  on  one  side,  turn 
these  aside  and  find  the  larger  of  the  two  nerves  immediately  under  the 
vagus — i.e.,  the  cervical  sympathetic.       (ThcTOther  and   smaller  is  the 
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depressor. )  Isolate  the  nerve  and  place  a  ligature  under  it  as  low  down  in 
Jbhe  neck  as  possible  (fig.  338),  but  do  not  tie  the  ligature. 
'  (6)  Free  the  rabbit's  head  from  the  holder,  observe  the  two  ears,  the 
central  artery,  and  the  laterally-placed  veins.  Note  vascularity  by  looking 
through  the  «ar  from  the  inner  surface ;  also  the  condition  of  the  two 
pupils  with  equal  illumination. 

(c)  Cut  the  sympathetic  peripherally  to  the  ligature.  Within  a  few 
seconds  the  blood-vessels  of  the  ear  on  that  side  become  greatly  distended 
with  blood — hypersemia — and  red.  The  central  artery  is  made  wider, 
and  running  from  it  to  the  veins  are  many  red  vessels  now  visible,  which 
were  not  so  before.  The  marked  congestion  makes  this  ear  much  warmer. 
Feel  the  difference  in  T°  of  the  two  ears  by  putting  the  thumbs  gently  into 
each.  There  is  a  difference  of  several  degrees.  This  difference  in  vascu- 
larity can  readily  be  shown  to  an  audience  by  placing  small  incandescent 
electric  lamps  in  the  ears,  or  even  holding  a  lighted  taper  behind  the  ears. 
Observe  also  the  effects  on  the  palpebral  fissure  and  amount  of  protrusion 
of  eyeball. 

{d)  Stimulate  with  tetanising  shocks  the  peripheral  end  of  the  nerve. 
After  a  considerable  latent  period  note  (i. )  the  condition  of  the  blood-vessels 
of  the  ear  on  that  side.  The  central  artery  gradually  becomes  constricted 
and  narrower,  and  may  be  almost  invisible,  the  vascularity  of  the  whole 
ear  is  diminished,  and  it  is  colder — detectable  readily  by  the  hand. 
Anaemia. — The  vessels  remain  in  this  constricted  condition  for  some  time 
after  cessation  of  the  stimulation.  They  suddenly  return  to  the  hyperKmic 
condition. 

(ii.)  Eye  effects. — Keep  the  eyelids  asunder  and  repeat  the  stimulation. 
The  pupil  becomes  greatly  dilated,  only  a  small  part  of  the  iris  being 
visible  beyond  the  margin  of  the  cornea.  There  may  also  be  increased 
secretion  of  tears. 

The  cervical  sympathetic  nerve  carries — besides  other  fibres — vaso- 
constrictor fibres  to  the  blood-vessels  of  the  ear  and  dilator  fibres  to 
the  iris. 

A  short  description  of  some  fundamental  demonstrations  on 
the  subjects  of  secretion,  absorption,  and  excretion,  are  intro- 
duced here.  The  great  importance  attached  to  a  study  of 
osmotic  pressures  and  cryoscopy,  and  their  relation  to  these 
processes,  leads  me  to  give  a  short  account  of  that  process  before 
dealing  with  the  subject  of  secretion. 

2.  Osmotic  pressure  (Semi-permeahle  membranes).— li  a  parchment  tube 
or  closed  bladder — permeable  both  to  water  and  salts — containing  a,  saline 
solution  be  suspended  in  distilled  water,  some  of  the  salt  diffuses  out  and 
water  passes  in  by  a  process  of  osmosis.  The  bladder  gradually  swells  and 
becomes  tense  owing  to  rise  of  pressure  =  osmotic  pressure.  The  animal 
membrane,  however,  allows  filtration  to  take  place,  and  therefore  the  full 
osmotic  pressure  cannot  be  the  reason.  A  membrane  or  vessel  must  be 
found  which  will  allow  the  water  to  pass  in,  but  prevent  the  salts  from 
passing  out,  either  by  diffusion  or  filtration. 

Wash  out  a  porous  cell — such  as  is  used  for  a  Daniell's  battery — first 
with  solution  of  8  p.c.  CUSO4  and  then  5  p.c.  ferrooyanide  of  potassium. 
An  insoluble  precipitate  of  copper  ferrooyanide,  K^FeCCNjg  -f-  SH^jO,  is 
thrown  down  in  the  interstices  of  the  porous  cell.     This  vessel  allow^s  the 
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water  to  pass  through,  but  prevents  the  salts  from  doing  so.  These  "  pre- 
cipitation membranes  "  were  first  investigated  by  Traube  (1S67),  and  later 
by  Pfeflfer  (1877). 

If  such  a  vessel  be  filled  with  a  i  p.o.  NaCl  solution,  and  connected  up 
with  a,  Hg-manometer,  and  then  placed  in  distilled  water,  osmosis  takes 
place.  The  actual  osmotic  pressure  can  be  observed  in  terms  of  the  Hg  in 
the  manometer.  It  will  be  about  5000  mm.  Hg  before  equilibrium  is 
established.  But  the  osmotic  pressure  is  not  due  to  the  liquid  or  to  the 
nature  of  the  dissolved  substance,  but  merely  to  the  number  ofmolecides  of 
salt  present  in  solution  {van  T'Hoff).  The  osmotic  pressure  is  equal  to  the 
pressure  which  the  dissolved  substance  would  exert,  if  it  occupied  the 
same  space  at  the  same  T°  in  the  form  of  a  gas.  The  osmotic  pressure  is 
proportional  to  the  concentration  of  the  solution,  or  to  the  number  of 
molecules  and  ions  of  the  crystalloid  in  solution. 

3.  Cryoscopy  (Raoult,  1885). — Indirect  determination  of  osmotic 
pressure  hy  freezing  point. — This  means  the  determination,  of  the 

freezing  point  of  fluids — either 
pure  or  containing  other  sub- 
stances in  solution.  The  pre- 
sence of  a  substance  lowers  the 
freezing  point  of  water,  and  the 
amount  of  lowering  is  propor- 
tional to  the  number  of  parts 
(molecules  or  ions)  in  the  solu- 
tion (Law  of  Blagden).  Osmotic 
pressure  is  also  proportional  to 
the  number  of  parts  in  solution. 
Instead  of  estimating  the  osmotic 
pressure  directly,  it  may  be  done 
indirectly  by  taiing  the  lowering 
of  the  freezing  point  as  an  index 
of  the  osmotic  pressure. 

This  is  done  by  Beokmann's  appara- 
tus (fig.  381).  It  is  provided  with  an 
adjustable  dififerential  thermometer. 
Pure  water  is  placed  in  the  inner  tube, 
and  the  freezing  point  determined — ice 
and  salt  being  placed  in.  Test  the 
freezing  point  of  mammalian  Wood- 
serum,  and  note  the  fractions  of  a 
degree  by  which  its  freezing  point  is  lower  than  that  of  water.  This 
is  usually  expressed  as  A.  It  will  be  found  to  be  o'56°  C.  By  experiment 
with  solutions  of  common  salt  of  various  strengths  it  is  found  that  0'95  p.c. 
NaCl  gives  the  same  A,  hence  the  two  solutions  exert  the  same  osmotic 
pressure  and  a  0'9S  p.c.  of  NaCl  is  said  to  be  Isotonic — or  isosmotio — with 
the  manrmalian  serum. 

As  a  matter  of  fact,  experiments  (by  Winter)  show  that  the  A  of  blood- 
serum  of  moat  mammals  is  about  0'56°  C.  below  that  of  pure  water.      It  is 


Fig.  381. — Beckmann's  apparatus  for 
determining  freezing  point  of  a  liquid. 
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obvious  that  osmotic  pressures  must  play  an  important  part  in  the  ex- 
changes between  the  cell  elements  of  the  tissues  and  the  lymph,  and 
between  the  lymph  and  the  blood,  and  vice  versd.  Moreover,  it  has  inti- 
mate relations  to  any  theory  of  secretion. 

Determine  the  osmotic  pressure  of  urine.  It  will  be  found  to  have  the 
highest  isotonic  coefficient  of  any  fluid  in  the  body.  The  A  is  equal  to 
I  •85°  C. ,  while  that  of  serum  is  only  o  '56°  C. 

Physikaliache  Ohemie  in  d.  Medicin,  by  H.  Koppe,  Vienna,  1900.  Tono- 
metrie  and  Cryoscopie,  by  Marey,  Paris,  igoi. 

Some  fundamental  facts  regarding  secretion  may  be  learned 
from  the  following  demonstration. 

4.  Salivary  aeoretion— SubmaziUary  gland. — The  operator  should  make 
himself  acquainted  with  the  anatomy  of  the  parts  by  making  a  careful  dis- 
section (fig.  382). 


Fig.  382. — Dissection  of  the  nerves  to  the  submaxillary  gland  of  dog.  Cr,  Submaxillary 
gland ;  H,  Wharton's  duct,  and  below  it  duct  of  Barthollnus— i.e.,  sublingual  duct ; 
L,  Lingual  nerve ;  T,  Chorda  tympani ;  J,  External  jugular  vein ;  D,  Efferent  vein  of 
gland ;  P,  Hypoglossal  nerve ;  Jf,  Anterior  part  of  digastric  muscle ;  S,  Mylo-hyoid 
cut  across  to  show  course  of  the  two  ducts ;  U,  Masaeter ;  and  S'  F\  Carotid  with  1 1' 
branches  of  the  sympathetic  nerve  (.CI.  Bernard). 

(a)  Arrange  on  a  tray  in  order  the  necessary  apparatus — scalpel,  scissors, 
ligatures,  forceps,  cannula  and  tube  (i  mm.  bore),  measuring  glass,  sponges, 
absorbent  cotton  wool,  camel-hair  brush,  and  O'l  p.c.  niootin  in  normal 
saline.     Arrange  coil  for  repeated  induction  shocks. 

(6)  B"ix  a  dog,  back  down,  in  a  holder — e.g.,  Bernard's — and  etherise  it. 
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or  inject  suboutaneously  a  i  p.o.  solution  of  morphin  (o'oi  grm.  per  kilo.), 
and  then  complete  the  anaesthesia  with  chloroform. 

(c)  Cut  away  the  hair  on  one  side  in  the  intermaxillary  region.  Divide 
the  skin  parallel  to  and  about  I  cm.  from  the  inner  border  of  the  lower 
jaw,  abut  its  middle  third  for  S  to  6  cm.  Carry  the  incision  deeper 
through  the  subcutaneous  tissue  and  the  platysma,  ligaturing  any  vessels 
that  may  be  divided.  This  exposes  the  digastric  muscle,  which  is  divided 
and  raised,  the  divided  parts  being  kept  asunder  by  hooks  with  weight 
attached.  The  transverse  fibres  of  the  mylo-hyoid  are  now  exposed;  In- 
sinuate a  director  under  this  muscle,  and  divide  it  in  the  direction  of  the 
original  incision.  Raise  the  divided  parts  of  the  muscle  and  keep  them  out 
of  the  way  with  hooks.  There  are  now  exposed  two  ducts  running  parallel 
to  the  original  incision — the  outer  and  larger  the  duct  of  Wharton  from 
the  submaxillary  gland,  and  the  smaller  the  sublingual  duct — crossed  by 
the  much  larger  lingual  nerve.  Trace  the  lingual  backwards,  and  note  the 
fine  chorda  tympani  passing  from  it  at  an  acute  angle,  and  running  back- 
wards towards  the  submaxillary  gland.  Isolate  Wharton's  duct ;  ligature 
it  as  near  its  orifice  as  possible.  When  it  swells  with  saliva,  make  an 
oblique  incision  in  it,  insert  in  it  the  cannula  towards  the  gland,  and  tie 
it  in. 

{d)  Connect  the  cannula  with  a  straight  glass  tube.  Isolate  the  chorda 
tympani  and  put  a  ligature  under  it.  Observe  ( i )  the  rate  of  secretion  as 
the  saliva  advances  in  the  tube  ;  (2)  apply  acetic  acid  to  the  tongue.  The 
flow  is  accelerated  if  the  narcosis  be  not  too  deep.  This  is  due  to  reflex 
stimulation  of  the  secretory  fibres  of  the  chorda,  the  afierent  nerve  being 
the  lingual  branch  of  the  fifth  ;  (3)  ligature  and  divide  the  chorda  central 
to  the  ligature ;  the  acid  now  has  no  effect ;  (4)  stimulate  the  chorda  with 
repeated  induction  shocks.  After  a  latent  period,  observe  how  the  saliva 
— "chorda  saliva" — literally  rushes  forward  in  the  tube.  Its  amount  may 
be  collected  and  measured  in  a  small  graduated  cylinder. 

(e)  The  vascular  changes  in  the  gland.  It  becomes  red  owing  to  vaso- 
dilation produced  by  the  stimulation  of  the  vaso-dilator  fibres  in  the 
chorda.  Thus  there  are  two  visible  effects  resulting  from  stimulation  of 
the  chorda. 

(i.)  Increase  in  amount  of  saliva, 
(ii. )  Vaso-dilation  of  the  vessels  of  the  gland, 

(iii. )  As  a  consequence  of  (ii. )  greatly-increased  outflow  of  blood  from 
the  vein. 

(/)  The  sub-maxillary  ganglion  lies  in  the  angle  between  the  chorda  and 
lingual  nerve.  With  a  camel-hair  brush  paint  it  with  nicotin.  Stimulate 
the  chorda  =  rapid  secretion  of  saliva.  Paint  the  chorda  just  as  it  enters 
the  hilum  of  the  gland  and  again  stimulate  =  no  secretion.  Why? 
Stimulate  the  hilum  of  the  gland  =  secretion.     Why  ? 

If  the  secretion  pressure  in  the  duct  be  measured  during  continued 
stimulation  of  the  chorda,  and  if,  at  the  same  time,  the  blood-pressure  in 
the  carotid  be  recorded,  the  secretory  pressure  will  be  found  to  be  greater 
than  the  arterial  blood-pressure.  Therefore  the  secretion  is  not  a  mere 
filtrate  from  the  blood  (O.  Ludwig,  1851). 

By  the  subcutaneous  injection  of  atrdpin  it  can  be  shown  that  stimula- 
tion of  the  chorda  causes  dilation  of  the  blood-vessels  of  the  gland,  but  no 
secretion  of  saliva.     Therefore  in  (s),  (i. )  is  not  directly  dependent  on  (ii. ). 

The  nlootin  experiments  show  that  nerve  cells  intervene  between  the 
chorda  at  the  place  where  it  parts  company  with  the  lingual  and  the  gland 
•itself.     Nicotin  paralyses  nerve  cells  or  the  terminations  of  nerve  fibres 
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around  nerve  cells.  In  small  doses  it  does  not  affect  the  nerve  fibres. 
Clearly  the  chorda  fibres  in  the  dog  do  not  come  into  relation  with  the 
nerve  cells  in  the  sub-maxillary  ganglion.  (This  is  really  the  "  cell 
station"  for  the  secretory  nerve  fibres  of  the  sub-lingual  gland.)  The 
nerve  cells  for  the  chorda  fibres  to  the  sub-maxillary  gland  are  placed  near 
the  hilum  of  the  gland.  The  last  experiment  of  direct  stimulation  of  the 
gland — i.e.,  stimulation  of  what  Langley  calls  the  post-ganglionic  fibres — 
confirms  this  view  (Langley,  with  Dickinson  and  Anderson,  Journ.  of 
Phys.,  xi.,  xiii.,  xix.,  xxii.). 

5.  Kidney  secretion. — In  an  anaesthetised  dog,  open  the  abdomen  by  an 
incision  in  the  linea  alba,  turn  aside  and  keep  the  intestines  warm  with 
thick  pads  of  hot  cotton  wool,  expose  the  ureters,  scratch  through  the 
peritoneum,  and  tie  into  each  a  cannula. 

Observe  (i)  the  flow  of  urine,  (2)  the  peristaltic  contraction  of  the 
ureters,  (3)  peristaltic  movements  of  intestines. 

A  cannula  can  be  placed  in  the  external  jugular  vein  and  directed 
towards  the  heart.  Connect  the  cannula  with  a  burette  filled  with  normal 
saline  fluid.  Let  it  run  slowly  into  the  vein,  and  observe  its  diuretic 
effects  and  increase  of  urine. 

A  similar  burette  may  be  used  to  inject  "peptones"  into  the  blood 
stream  (0"S  grm.  per  kilo.).  Witte's  or  "Commercial"  peptones,  chiefly 
albumoses — when  so  injected — prevent  the  blood  from  coagulating  when  it 
is  shed.  Plaice  a  cannula  in  a  femoral  artery.  Draw  off  some  blood  into  a 
test  tube  and  observe  how  soon  the  blood  clots.  Now,  inject  the  peptones 
and  draw  another  sample  of  blood.  It  does  not  coagulate.  The  same 
animal  may  be  used  to  place  a  cannula  in  the  thoracic  duct— introduced 
from  above  the  clavicle— to  observe  the  effect  of  such  lymphagogues  as 
peptones  in  also  preventing  the  coagulation  of  lymph.  Note  effect  on 
secretion  of  urine. 

If  a  burette  filled  with  indigo-carmine  be  connected  with  the  external 
jugular  vein,  the  time  that  this  fluid  takes  to  appear  in  the  urine  ctin  be 
determined. 

6.  Bile  fistula. — (a)  Anaesthetise  an  albino  rabbit  with  chloral  or  urethan 
(2  grms.).  Fix  the  animal  on  a  rabbit-holder  back  down.  Open  the 
abdomen  by  a  vertical  slit  in  the  linea  alba,  beginning  at  the  xiphisternum. 
Pull  the  stomach  aside  to  show  the  under  surface  of  the  liver,  and  isolate 
the  common  bile  duct  as  it  passes  from  the  portal  fissure  to  the  duodenum. 
Prepare  previously  a  glass  tube  with  an  internal  diameter  of  2-3  mm.,  35 
cm.  long,  and  bend  it  at  a  right  angle  about  5  cm.  from  one  end ;  on  this 
end  make  a  shoulder,  just  as  one  does  for  a  cannula. 

(6)  Place  a  thread  round  the  bile  duct  near  the  duodenum  and  ligature 
the  duct ;  pull  on  this  thread  so  as  to  raise  the  duct,  and  round  it  (between 
the  ligature  and  the  liver)  place  another  thread.  With  sharp  scissors 
make  an  oblique  slit  into  the  duct,  introduce  the  cannula,  tie  it  in  the 
duct,  fix  the  glass  tube  in  a  holder,  and  close  the  abdominal  cavity  with 
Plan's  forceps. 

(c)  Observe  (i)  the  colour  of  the  bile  and  how  it  moves  forward  in  the 
tube  as  it  is  secreted,  espeoially  if  the  tube  be  horizontal ;  (2)  how  the  bile 
is  pushed  forward  with  every  descent  of  the  diaphragm  in  inspiration  and 
recedes  during  expiration  ;  (3)  measure  the  amount  of  bile  that  flows  out 
in  a  given  time  ;  (4)  hold  the  tube  vertical,  and  observe  the  oscillations  of 
the  bile  with  the  respiratory  movements. 

Svlphindigotate  of  soda  (indigo-carmine). — To  the  cannula  attach  » 
burette  filled  with  solution  of  indigo-carmine  which  has  a  deep  blue  colour. 
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Adjust  the  pressure  so  that  it  slightly  exceeds  that  in  the  portal  vein. 
Open  the  stopcock  and  let  the  blue  fluid  run  slowly  into  the  duct ;  it 
passes  backwards  along  the  duct  and  soon  reaches  the  liver.  In  about  5 
minutes  its  absorption  and  presence  in  the  blood  is  revealed  by  a  blue  tinge 
in  the  margins  of  the  eyelids,  lips,  mucous  membrane  of  the  tongue,  skin  of 
the  abdomen,  &o. 

Press  on  the  belly  to  expel  some  urine.  It  is  blue.  Kill  the  animal 
and  observe  the  blue  colour  in  the  liver,  kidney,  &c.  None  is  excreted  by 
the  saliva. 

This  is  a  most  important  experiment,  as  it  illustrates  the  low  pressure 
under  which  absorption  of  bile  or  other  fluid  can  take  place  in  the  liver, 
the  rate  of  absorption,  and  the  rapidity  of  secretion  and  excretion  of  this 
substance  by  the  kidney.  It  obviously  has  important  bearings  on  the 
question  of  absorption  of  bile  in  jaundice,  where  there  is  obstruction  to  the 
free  outflow  of  bile  into  the  duodenum. 

7.  Absorption  from  rectum. — That  absorption  can  take  place  from  the 
lower  end  of  the  alimentary  mucous  membrane  is  well  known,  and,  indeed, 
is  only  too  often  necessitated  in  certain  diseases  where  food  or  drugs  can- 
not be  given  by  the  mouth.  Gases  are  similarly  absorbed.  Meltzer  has 
devised  the  following  experiment  on  a  rabbit  to  show  this  and  to  produce 
anaesthesia: — Half-fill  a  wide-mouthed  bottle  with  ether.  Through  its 
cork  pass  a  bent  glass  tube  and  connect  the  latter  with  another  tube  with 
a  number  of  holes  in  its  walls.  Introduce  the  other  end  of  this  tube  into 
the  rectum  of  a  rabbit  keeping  the  ether  bottle  higher  than  the  level  of  the 
rectum. 

Place  the  ether  bottle  in  water  at  35°  C. — the  ether  boils  and  the  vapour, 
mixed  with  air,  passes  into  the  rectum,  and  anaesthesia  is  soon  complete, 
the  effect,  of  course,  depending  on  the  rate  of  absorption  and  the  rate  of 
excretion  by  the  lungs.  It  appears  that  Pirogoflf  in  1840  used  ether  in  this 
way  for  man,  but  the  practice  was  discarded  (S.  J.  Meltzer,  Amer.  Joum, 
of  Phys.,  i.,  I  goo). 

8.  Subcutaneous  absorption. — This  method  is  made  use  of  daily  in 
medicine  in  the  form  of  hypodermic  injection.  It  can  readily  be  shown  on 
an  anaesthetised  rabbit.  Empty  the  bladder  of  a  rabbit  by  holding  it 
vertically  and  compressing  the  lower  part  of  the  abdomen.  Inject  under 
the  skin  on  one  aide  sodium  ferrocyanide  (not  K-salt),  and  on  the  other 
sodium  iodide,  with  a  hypodermic  syringe. 

After  half  an  hour  express  the  urine  from  the  bladder.  Test  one  portion 
with  dilute  starch  mucilage  either  with  nitric  acid  or  potassium  nitrite 
arjd  dilute  HCl.  A  blue  colour  indicates  the  presence  of  iodine.  Test 
another  portion  with  Fe^Clg  and  HCl ;  the  Berlin  blue  colour  shows  the 
presence  of  the  ferrocyanide.  Control  by  testing  urine  before  injection 
(L.  Hermann). 

9.  "  Witte's  Peptones  "  injected  into  blood  stream. — They  consist  of 
a  variable  proportion  of  proteoses  with  some  peptone.  Proteoses,  when  so 
injected  in  dogs,  produce 

(i)  A  rapid  and  marked  fall  of  arterial  blood-pressure,  which  slowly 
returns  to  normal,  due  to  an  effect  on  the  neuro-muscular  apparatus  of  the 
blood-vessels  whereby  they  are  dilated. 

(2)  Blood  withdrawn  from  an  artery  fails  to  clot,  or  does  so  only  after  a 
long  time.     The  effects  are  more  marked  with  rapid  injection. 

(3)  When  the  effects  of  the  injection  have  passed  off,  a  second  injection 
fails  to  produce  the  characteristic  action.  A  certain  degree  of  "  immunity  " 
has  been  established. 


LXX.] 


CRYOSCOPY SECRETION.  491 


(4)  Increased  flow,  "  lymphagogio ''  influence,  and  diminished  coagula- 
bility of  lymph. 

(5)  Changes  in  urine,  cessation  of  flow,  and  respiration. 

(6)  If  the  "peptones"  be  added  directly  to  blood,  they  have  no  clot- 
preventing  power,  so  that  their  action  is  indirect.  The  power  seems  to 
belong  to  some  substance  formed  in  the  organism,  not  to  something  formed 
from  the  peptone  itself.  It  is  suggested  that  the  seat  of  formation  of  this 
anti-coagulating  substance  is  the  liver  {Oontejean,  Gley,  Pachon),  and  that 
the  destruction  of  leucocytes  plays  an  important  part  {Ddezenne,  1898). 

(a)  Fasting  dog,  narcotised  by  subcutaneous  injection  of  morphin  and 
atropin,  followed  by  inhalation  of  mixture  of  chloroform  and  ether. 
Arrange  to  measure  arterial  B.P.  by  cannula  placed  in  carotid  and  Hg- 
kymograph.  Connect  a  burette  to  a  glass  cannula,  fixed  in  a  facial  vein. 
Dissolve  the  "peptones"  in  07  p. 0.  NaCl.  Allow  the  peptones  to  flow 
into  a  vein,  and  observe  the  effects. 

10.  Supra-renal  extract. — (a)  Make  a  watery  solution  of  the  medulla  of 
a  supra-renal  gland  of  an  ox,  or  use  the  dried  compressed  tabloids  made  by 
Burroughs,  Wellcome  &  Co.  Inject  a  very  small  quantity  into  a  vein  of  a 
rabbit,  previously  anaesthetised  and  arranged  to  record  its  arterial  B.P. 
Observe  the  enormous  rise  of  the  B.  P.  The  effect  lasts  a  short  time,  and 
then  passes  off.  The  rise  of  B.P.  can  be  obtained  by  again  injecting  the 
drug,  which  produces  its  effects  largely  by  its  action  on  the  smooth  muscle 
of  the  arteries.  An  excessively  small  amount  of  the  substance — called 
epinephrln,  and  various  other  names — suffices  to  produce  the  result. 

(6)  Test  the  effect  of  a.  dilute  solution  of  epinephrin  or  adrenalin  on 
blood-vessels  in  a  mucous  membrane — e.g.,  conjunctiva.  What  is  its 
value  as  a  haemostatic  ? 
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REFLEX   ACTION— ACTION    0"P   POISONS— 
STRYCHNIN- KNEE-JERK. 

1.  Reflex  action. — -Destroy  the  brain  of  a  frog  without  loss  of 
blood.  Place  under  a  bell-jar  a  normal  frog  for  comparison. 
Immediately  the  frog  is  pithed,  on  pinching  one  of  its  toes,  very 
probably  the  leg  will  not  be  drawn  up.  After  half  an  hour  or 
more  (by  this  time  it  has  recovered  from  the  shock  of  the 
operation),  observe — 

(a)  Its  attitude:  its  head  lies  on  the  plate  on  which  it  is 
placed,  while  in  the  intact  frog  the  head  is  erect,  the  body  and 
head  forming  an  acute  angle  with  the  plate. 

(6)  Its  eyes  are  closed,  while  those  of  the  intact  frog  are  open. 
The  fore-limbs  are  either  flexed  and  drawn  under  the  chest,  or 
spread  out,  so  that  the  body  is  no  longer  supported  on  the  nearly 
vertical  fore-limbs,  as  in  the  intact  frog,  but  lies  flat  upon  the 
surface  of  support.     The  legs  are  pulled  up  towards  the  body. 

(a)  Absence  of  respiratory  movements  in  the  nostrils  and  throat, 
and  of  spontaneous  movements,  if  left  entirely  to  itself. 

(d)  Turn  it  on  its  back;  it  lies  in  any  position'  it  is  placed. 
[Do  this  with  a  normal  frog;  the  latter  regains  its  equilibrium 
at  once.]  Extend  one  leg ;  it  is  drawn  up  towards  the  body. 
Pinch  the  flank  with  forceps  ;  the  leg  of  the  same  side  is  rapidly 
extended,  then  drawn  up  towards  the  spot  stimulated.  Pinch 
sharply  the  skin  round  the  anus  with  forceps ;  both  legs  are 
pushed  out  and  pulled  up  towards  the  body,  as  if  to  dislodge 
the  offending  body. 

2.  Suspend  the  frog  vertically  on  a  suitable  support  by  means 
of  a  hook  made  from  a  stout  pin.  At  first  the  legs  may  move, 
but  they  soon  cease  to  do  so,  and  hang  motionless. 


LXXI.]  KEFLEX  ACTION,  ETC.  493 

(»)  Mechanical  stimuU. — Pincli  the  tip  of  any  toe  of  the  right 
legj  the  right  leg  is  drawn  up.  If  a  toe  of  the  left  leg  be 
pinched,  the  left  leg  is  drawn  up.  These  are  unilateral  reflex 
movements. 

(6)  Pinch  the  tip  of  one  toe  very  feebly ;  perhaps  only  the 
foot  will  be  flexed  at  the  ankle-joint.  Pinch  more  strongly, 
and  a  greater  reflex  movement  will  be  obtained.  It  is  evident, 
therefore,  that  the  reflex  movement  varies  not  only  with  the 
part  of  the  skin  stimulated  (1,  d),  but  also  with  the  intensity  of 
the  stimulus.  Strong  stimulation  may  cause  reflex  movements 
in  all  the  limbs.  This  is  due  to  irradiation  of  the  excitatory 
state  in  the  cord. 

3.  Latent  period  (Tiirck's  acid  method).    Summation  of  stimuli. 

(a)  Dilutions  of  HjSO^  containing  i,  z,  3,  and  4  c.c.  per  litre — 
i.e.,  o'l,  o'2,  o'3,  and  0-4  p.c. — are  provided.  Place  some  of  each 
in  four  glasses.  Have  ready  a  large  beaker  of  water.  Cause  a 
metronome  to  beat  100  times  per  minute. 

(6)  Hold  the  frog  in  the  leit  hand  by  means  of  the  hook,  and 
in  the  right  take  a  glass  rod  to  hold  one  leg  aside.  Dip  the 
other  leg  up  to  the  ankle  into  the  ot  p.c.  acid,  and  count  the 
number  of  beats  before  it  is  withdrawn.  Afterwards  wash 
the  leg  in  water  to  remove  the  acid.  Note  the  time  in  hun- 
dredths of  a  minute — i.e.,  the  latent  period.  Allow  the  frog  to 
rest  at  least  five  minutes,  and  repeat  the  experiment.  Take  the 
mean  of  the  two  observations — or,  if  you  prefer  it,  of  three  or 
more  observations — and  this  will  give  the  mean  "  latent  period," 
or  "  time  of  reflex  action."  This,  however,  does  not  indicate  the 
minimum  time  of  response  between  stimulation  and  reaction. 
In  fact,  the  chemical  method  may  give  a  response  time — or 
latent  period — of  many  seconds,  whilst  an  electrical  stimulus 
elicits  a  fraction  of  a  second  as  the  "time  of  reflex  action." 

(c)  Repeat  with  suitable  intervals  of  repose  the  same  experi- 
ment with  acid  of  0-2,  0-3,  and  0-4  p.c,  noting  that,  as  the 
strength  of  the  acid  increases,  the  latent  period  becomes  shorter, 
but  not  in  the  ratio  in  which  the  acid  is  stronger. 

(d)  If  only  the  longest  toe  is  dipped  into  the  acid,  then  the 
summation  of  stimuli  takes  place  more  slowly. 

(e)  Record  time  of  L.P. — On  a  slow  drum  (i  o.m.  in  2  sees.),  arrange 
a  time-marker  and  electric  signal  (with  key  in  circuit)  to  write  vertically 
over  one  another.  Dip  foot  of  frog  up  to  ankle  in  the  dilute  acid.  Note 
moment  by  closing  signal,  and  keep  it  closed  until  the  foot  is  with- 
drawn, then  open  the  key  of  th^  signal.  Count  the  time  and  tabulate 
results. 
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Strength  of  acid  p.c. 

Time  before  reflex  response  in  seconds. 

4.  Chemical  stimulation.    (Purposive  characters  of  reflex.) 

(a)  Either  when  the  frog  is  lying  on  its  back,  or  while  it  is 
suspended,  apply  a  small  piece  of  filter  paper  (3  mm.  square) 
dipped  in  acetic  acid  to  the  skin  on  the  inner  side  of  the  thigh. 
At  once  the  leg  on  that  side  is  violently  drawn  up,  perhaps  both 
legs  are  drawn  up,  and  the  foot  of  the  leg  first  drawn  up  is 
swept  over  the  spot  stimulated,  as  if  to  remove  the  paper — 
i.e.,  "purposive"  co-ordinated  movements  are  executed.  Dip 
the  frog  in  water  to  remove  the  acid ;  allow  it  to  rest  for  some 
time.  It  is  easier  to  obtain  irradiation  of  the  refiex  movements 
by  chemical  than  by  mechanical  stimuli. 

(6)  Repeat  the  experiment  (after  5  mins.),  but  hold  the  leg  to 
which  the  acid  is  applied.  Probably  the  other  leg  will  move, 
and  the  opposite  foot  remove  the  paper.     Wash,  and  allow  rest. 

(c)  Apply  papers  to  the  flank,  skin  over  the  gastrocnemius,  &c. ; 
in  all  cases  characteristic  but  difierent  reflex  movements  will  be 
elicited,  if  sufficient  interval  for  recovery  (5  mins.  at  least)  be 
allowed  between  the  successive  experiments. 

(d)  Irradiation  of  reflex  movements. — Strong  chemical  stimuli 
applied  to  one  leg  usually  give  rise  to  movements  in  the  opposite 
limb  and  other  parts  of  the  body — usually  the  "  irradiation  "  is 
first  seen  to  involve  response  on  parts  innervated  from  the 
same  level  of  the  cord  on  the  opposite  side ;  but  with  stronger 
stimuli  irradiation  spreads  both  up  and  down  the  cord,  so  that 
reflex  response  in  a  leg  may  be  discharged  from  stimulation  of 
an  arm,  or  vice  versd.     Strychnin  greatly  facilitates  this  result. 

(e)  Destroy  the  cord,  aJl  reflex  action  is  abolished ;  nerves 
and  muscles  retain  their  excitability,  and  the  heart  continues 
to  beat.  Muscle  and  nerve  respond  to  electrical  and  other 
stimuli. 

5.  Strychnin  on  cord  (Irradiation). 

(a)  Using  a  frog  with  its  brain  destroyed,  inject  with  a  fine 
glass  pipette  or  a  hypodermic  syringe  into  the  dorsal  lymph-sac 
a  drop  of  dilute  solution  of  acetate  of  strychnin  (0-5  p.c). 

(6)  When  the  poison  is  absorbed — i.e.,  within  a  few  minutes — 
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cutaneous  stimulation  of  any  part  of  the  body,  even  tapping  the 
table,  excites  general  violent  tetanic  spasms,  and  not  co-ordinated 
muscular  responses,  of  the  whole  body.  During  the  convulsive 
paroxysm  the  limbs  are  extended,  hard,  and  rigid,  while  the 
trunk  is  similarly  affected.  The  extensor  muscles  are  more 
affected  than  the  flexors.  The  tetanic  paroxysm  passes  off,  to 
be  followed  by  another  on  the  slightest  stimulation.  The  excit- 
ability has  been  so  increased  that  even  the  slightest  stimulus 
applied  to  the  skin  discharges  a  reflex  spasm — i.e.,  provokes 
muscular  responses  which  are  maximal,  so  that  a  minimal  stimulus 
produces  a  maximal  response. 

(c)  Destroy  the  cord.  At  once  the  spasms  cease.  Strychnin, 
therefore,  acts  on  the  cord  directly,  and  not  on  the  muscles  and 
nerves. 

(d)  In  another  frog,  divide  the  cord  below  the  bulb,  the  brain 
in  front  being  destroyed,  but  the  cord  intact.  Apply  a  crystal 
of  sulphate  of  strychnin  to  the  cord.  Tetanic  spasms  soon  set 
in,  thus  showing  that  strychnin  affects  the  cord. 

(e)  Strychnin  tetanus. — Record  a  tracing  of  a  tetanic  convulBion  on  a  alow 
drum. 

(/)  Time  of  reflex  action. — Expose  the  tendo  Aehillis  and  attach  it  to  a 
recording  lever,  arrange  an  automatic  break  key  to  stimulate  the  skin  or 
central  end  of  the  sciatic  nerve  of  the  opposite  Umb.  Record  and  measure 
time  of  the  reflex  motor  response, 

(g)  Svmmation  of  stimuli. — Befbre  stryohninisation,  expose  one  sciatic 
nerve,  divide  it,  excite  its  central  end  with  (i. )  single  shocks,  (ii. )  series  of 
interrupted  induction  shocks,  and  note  minimum  distance  of  primary  from 
secondary  coil  at  which  response  is  obtained  in  opposite  limb.  Do  the 
same  after  stryohninisation,  and  note  the  result. 

6.  Latent  period  of  reflex  (frog). — As  indicated,  chemical  stimulation 
does  not  give  even  approximately  the  true  "time  of  reflex  action"  or 
latent  period.  This  is  best  done  by  electrical  stimulation.  Arrange  to 
record  the  contraction  of  a  decerebrated  frog's  gastrocnemius  on  a  drum. 
Stimulate  the  skin  or  central  end  of  opposite  sciatic  nerve  with  strong 
induction  shocks,  using  an  automatic  break  key  in  the  primary  circuit. 

7.  Potassium  chloride  or  bromide,  or  chloral. 

Prepare  a  reflex  frog  as  in  Lesson  LXXI. ,  1.  Test  the  latent  period 
with  dilute  sulphuric  acid,  o'2  p.c,  until  constant  results  are  obtained. 
Inject  2  minims  of  a  I  p.c.  solution  of  KCl  or  KBr  or  C2HCI3O,  and  after 
ten  minutes  again  test  the  latent  period.  Within  a  short  time  the  latent 
period  will  be  greatly  prolonged.  Plot  a  curve  of  the  results,  the  abscissa 
to  mark  time  and  the  ordinates  the  length  of  the  latent  period.  ( W.  Stirling, 
"  The  Effect  of  Drugs  on  the  Spinal  Cord,"  Joum.  ofAnat.  andPhys.,  1892.) 

8.  Electrical  stimulation. — A.  Single  induction  shocks. 

(a)  From  the  secondary  coil  (key  interposed)  apply  two  flne 
wire  metallic  electrodes,  in  the  form  of  two  loops,  to  the  skin 
above  the  ankle,  the  electrodes  being  about  -5  to  i  cm.  apart. 
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(6)  Stimulate  with  different  strengths  of  current.  No  reflex 
response.  A  single  induction  shock  does  not  discharge  a  reflex 
movement. 

B.  Bepeated  shocks. 

(a)  Leave  the  electrodes  in  situ,  but  adjust  the  coil  for  repeated 
shocks.  On  applying  a  succession  of  feeble  shocks,  a  reflex  response 
is  readily  obtained.     Make  a  table  of  the  results  obtained. 

(6)  Expose  the  sciatic  nerve  without  injuring  the  adjacent 
parts ;  on  stimulating  the  skin  of  the  foot  or  leg  as  before,  a 
reflex  response  is  readily  obtained,  but  on  directly  stimulating 
the  sciatic  nerve  under  the  same  conditions  there  may  be  no 
response  until  the  current  is  made  distinctly  stronger.  This 
result  is  explained  (?)  by  stating  that  the  peripheral  terminals 
are  more  excitable  than  the  nerve  trunk,  while  others  assume 
that  in  the  sciatic  nerve,  besides  excito-motor  (reflex)  fibres, 
there  are  nerve-fibres  which  inhibit  the  action  of  such  fibres.  It 
is  said  that  very  strong  stimulation  of  cutaneous  nerves  also 
excites  the  reflex-inhibitory  flbres. 

(c)  Isolate  any  one  of  the  nerves  traversing  the  dorsal  lymph- 
sac  of  a  frog,  but  leave  a  small  square  of  skin  attached  correspond- 
ing to  the  terminals  of  the  nerve.  Apply  repeated  shocks  directly 
to  the  nerve,  in  all  probability  there  will  be  no  reflex  response, 
but  if  the  skin  be  touched  with  dilute  acetic  acid,  response  will 
probably  take  place.  If,  however,  strong  sulphuric  acid  be 
applied  to  the  skin,  there  will  be  no  response. 

9.  Knee-jerk  in  man  {Tendon^eflex — so-called). — (a)  Sit  on  a 
'  chair  and  cross  the  right  leg  over  the  left.  With  the  tips  of  the 
fingers  (self),  or  a  percussion-hammer,  or  the  edge  of  a  thin  book 
strike  the  right  ligamentum  patellae.  The  right  leg  will  be  raised 
and  thrown  forward  with  a  jerk,  owing  to  the  contraction  of  the 
quadriceps  muscle.  An  appreciable  time  elapses  between  the 
striking  of  the  tendon  and  the  jerk.  The  knee-jerk  is  almost 
invariably  absent  in  cases  of  locomotor  ataxia,  while  it  is  greatly 
exaggerated  in  some  other  nervous  affections ;  its  presence  or 
absence  is  a  most  important  clinical  symptom. 

(6)  The  knee-jerk  is  readily  obtained  in  a  rabbit,  and  can  easily 
be  demonstrated  on  an  intact  rabbit — fixed  conveniently  on  its 
back — on  tapping  the  patellar  tendon  with  the  back  of  a  scalpel. 

10.  Eeeord  knee-jerk  (man). — The  person  is  seated  conveniently  on  a, 
table,  with  the  legs  hanging  freely.  On  the  front  of  the  thigh  strap  a  bag 
(fig.  298)  and  connect  this  up  with  a  recording  Marey's  tambour  to  write  on 
a  rapid  drum.  Cause  the  drum  to  revolve.  Record  a  time-tracing  (100 
D.  V.  per  sec).     Strike  the  patellar  tendon  sharply  as  in  LXXI.,  9.     The 
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curve  will  show  two  elevations — the  first  due  to  the  mechanical  shock  of 
the  blow— i.e.,  moment  of  excitation — and  the  second  due  to  the  contrac- 
tion of  the  extensor  cruris.  Measure  the  latent  period  or  use  the  special 
hammer  shown  in  fig.  383. 


Fig.  383.— This  hammer  le  so  arranged  as  to  record  the  moment  the  tendon  is  struclc. 
The  ebonite  handle  is  connected  at  the  right-hand  end  in  circuit  with  an  electric 
signal.  When  C  strikes  the  tendon  surface  contact  is  made  through  ii  and  ilf.  Made 
by  Verdin. 

11.  Becord  knee-jerk  response  (rabbit).  _ 

(a)  Place  a  rabbit  on  its  back  in  a  shallow  wooden  angular  trough.  It 
will  lie  quiescent.  Tap  the  table  with  a  hammer,  there  is  a  true  reflex 
response  or  start.  Connect  one  hind  leg  by  means  of  a  thread  with  a  lever 
recording  on  a  rapid  drum.  Record  true  reflex  by  tapping  table.  The  tap 
and  record  will  be  seen  in  the  tracing. 

(6)  Tap  skin  over  tendo  Achillis  with  paper  knife  or  scalpel,  and  record 
the  result.  The  moment  of  tapping  and  the  mechanical  muscular  response 
of  the  quadriceps  cruris  will  be  visible  in  the  tracing.  Compare  the  time 
in  the  two  cases.  The  latter  is  considerably  shorter,  and  the  so-called 
knee-jerk  is  not  a  true  reflex  or  "  tendon-reflex  "  ( Waller), 

12.  Inhibition  of  reflex.    See  Lesson  LXXII. 

13.  Stenson's  experiment. — By  means  of  the  hand  compress  the 
abdominal  aorta  of  a  rabbit  for  a  few  minutes.  There  results  temporary 
paralysis  of  both  hind-legs  or  paraplegia.  Soon  after  the  circulation  is 
restored  in  the  cord  and  lower  limbs,  the  paraplegia  disappears.  (Modified 
Stenson's  experiment. ) 

14.  Heat  affects  sensory  more  than  motor  nerves. — Sensory  nerves  (or 
terminals  ?)  are  paralysed  by  a  temperature  which  may  leave  motor  fibres 
still  functional.  Destroy  the  brain  of  a  frog.  Place  one  leg  in  water  at 
36°  C.  for  5  to  10  mins.  Take  it  out  and  stimulate  the  toes  of  the  heated 
leg — e.jr.,  with  dilute  acetic  acid  as  for  reflex  action.  There  is  no  reflex- 
response.  Stimulate  the  intact  leg ;  it  gives  a  reflex  jesponse,  and  so  does 
the  heated  leg.  The  latter  result  shows  that  its  motor  nerves  are  not 
paralysed.  The  sensory  cutaneous  terminals  are.  Therefore,  sensory 
nerves  (or  terminals  ?)  are  paralysed  at  a  temperature  which  leaves  the 
motor  fibres  intact. 

15.  Action  of  heat  on  intact  frog. — In  summer  keep  a  frog  in  the  hand 
for  some  time  ;  it  becomes  as  if  it  were  dead.  According  to  Bernard,  it  is 
"  anaesthetised,"  for  as  soon  as  it  is  thrown  into  cold  water  it  begins  to 
swim. 
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LESSON  LXXII. 

SPINAL  NERVE-BOOTS— OVERLAP  OP  DISTRIBU- 
TION OP  SENSORY  NERVES— BRONDGEEST'S 
TONUS. 

1.  Functionsof  roots  of  spinal  nerves  (/otenjies  MiilUr's  experimeiU,  1832). 
— To  expose  the  roots  destroy  the  brain  of  a  frog.  Lay  it  on  its  belly,  and 
make  a  median  incision  in  the  skin  of  the  back,  from  the  neck  to  the  upper 
end  of  the  urostyle.  Turn  back  the  flaps  of  skin,  and  carry  the  incision 
down  to  the  spines  of  the  vertebrae.  With  a  scraper  or  blunt  knife  remove 
the  muscles  along  each  side  of  the  vertebral  column,  so  as  to  lay  bare  the 
arches  of  the  vertebrse.  With  scissors,  or  two  saw-blades  parallel  to  each 
other  and  fitted  at  a  suitable  distance  into  a  handle,  as  devised  by  Ludwig, 
cut  through  the  arches  of  the  last  vertebra,  taking  care  not  to  injure  the 
nerves  in  the  spinal  canah  Remove  successively  from  below  upwards  the 
seventh,  sixth,  and  fifth  vertebral  arches,  when  the  tenth,  ninth,  and 
eighth  spinal  nerve-roots  come  into  view.  The  posterior  roots  are  larger, 
come  first  into  view,  and  cover  the  anterior.  The  roots  may  be  separated 
by  a  seeker.  Select  the  largest  posterior  root-^the  ninth — and  with  an 
aneurism  needle  carefully  place  a  fine  silk  thread  (say  a  red  one)  under  it. 

(a)  Tighten  the  ligature  near  the  cord,  and  observe  movement  insome 
part  of  the  body.  Divide  the  nerve  between  the  cord  and  the  ligature, 
and  observe  further  movements  on  division. 

(6)  With  the  thread  gently  lift  up  the  peripheral  or  distal  end  of  the 
nerve-root,  place  it  on  well-protected  electrodes,  and  stimulate  it  with  an 
interrupted  current.    No  movement  is  observed  in  the  muscles  of  the  limb. 

(c)  Select  the  posterior  root  of  the  eighth  nerve,  ligature  it  at  some 
distance  from  the  cord,  and  divide  it  on  the  distal  side  of  the  ligature. 
There  is  neither  contraction  of  the  muscles  of  the  leg  nor  movement  of  the 
body.  Place  the  central  stump — i.e.,  the  part  still  connected  with  the 
cord — on  the  electrodes,  and  stimulate  it,  when  movements  will  take  place 
in  several  parts  of  the  body. 

(d)  Divide  the  posterior  roots  from  the  seventh  to  the  tenth  nerves. 
The  leg  on  that  side  becomes  insensible.  Turn  aside  the  roots  of  the 
divided  nerves,  and  expose  the  anterior  roots,  which  are  very  thin  and 
slender.  Bepeat  the  preceding  experiments  on  the  anterior  root  of  the 
ninth  nerve — i.e.,  place  a  ligature  round  it — tighten  the  ligature,  and 
divide  the  nerve  between  the  cord  and  the  ligature.'  Stimulate  the  distal 
end  with  an  interrupted  current ;  this  causes  contraction  of  the  muscles 
supplied  by  this  root. 

From  the  eflects  of  section  and  stimulation  of  the  nerve-roots,  one 
concludes  that  the  anterior  are  motor,  and  the  posterior  are  sensory. 
(E.  Steinach,  "  Motorisohe  Functionen  hint,  Spinalnervenwurzeln," 
Pfliiger's  .4 rcA.,  Bd.  66,  593.) 
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Overlap  of  distribution  of  spinal  nerves. — Tiirck  showed  in  the  dog 
that  there  is  not  an  absolutely  hard  and  fast  limit  of  distribution  of 
peripheral  nerves.  His  pidneer  work  has  been  prosecuted  and  extended  by 
Sherrington,  who  has  shown  conclusively  that  frontier  lines  do  not  exist 
either  in  things  cutaneous  or  things  sub-cutaneous  (C.  Sherrington,  Joum. 
of  Phya.,  xiii.,  1892).^ 

2.  Overlap  of  distribution  of  spinal  nerves  in  skin  and  muscles 
— frog  (C.  Sherrington,  Joum.  of  Phys.,  xiii.,  1892). 

(a)  Use  a  frog  freshly  killed,  and  destroy  brain  by  pithing. 

"Remove  the  coccyx  with  its  surrounding  tissues  (by  seizing  the  tip 
with  forceps  and  somewhat  lifting  it,  then  cutting  from  behind  forward 
with  strong  scissors  each  sciatic  plexus),  thus  exposing  seventh,  eighth, 
and  ninth  spinal  nerves.  On  one  side  out  through  these  nerves  except  the 
eighth,  on  the  other  except  the  ninth.  Hang  up  the  preparation  by  a 
thread,  so  that  it  is  free  from  contact  with  anything  except  the  thread. 

"  (6)  With  fine  forceps  pinch  a  toe  of  one  foot.  A  movement  is  elicited. 
This  is  '  reflex,'  and  proves  the  persistence  of  an  afferent  channel  between 
the  toe  and  the  spinal  cord,  although  two  nerves  out  of  the  three  have 
been  cut  through. 

"(c)  Pinch  the  corresponding  toe  of  the  opposite  foot.  A  reflex  again 
ensues,  proving  similarly  existence  of  an  afferent  path  from  it  to  the  cord. 
The  spinal  nerve  uncut  on  one  side  is  not  the  one  left  uncut  on  the  other  ; 
either  the  distributions  of  the  spinal  nerves  right  and  left  are  asymmetrical, 
or  the  stimulated  toe  receives  sensory  fibres  from  two  segmental  nerves. 
As  the  segmental  nerves  are  symmetrically  distributed,  the  latter  alterna- 
tive must  be  the  explanation. 

"  Repeat  the  observation  on  other  toes  and  on  the  planta  and  dorsum  of 
the  feet,  applying  the  stimuli  to  right  and  left  alternately,  and  placing 
them  as  symmetrically  as  possible.  It  will  be  found  that  the  skin  of  the 
foot  contains  sensory  nerve-endings  all  over  it  from  each  of  the  two  spinal 
nerves. 

"  Pith  the  preparation  completely.  Fix  the  lower  end  of  each  tibia  with 
a  pin  to  the  frog-board  in  such  a  way  as  to  let  the  foot  hang  over  the  edge 
of  the  board.  Slit  up  the  skin  over  the  pre-tibial  and  post-tibial  muscles. 
Place  the  preparation  in  a  good  light  so  that  any  twitching  of  the  post-  and 
pre-tibial  muscles  can  be  seen. 

"  Place  a  thick  cotton  thread  round  the  uncut  nerve,  both  right  and  left. 
Draw  the  ligature  tight  slowly  whilst  observing  the  exposed  muscles.  It 
will  be  found  that  all  the  muscles  of  the  pre-  and  post-tibial  groups  twitch 
while  the  Ugatures  are  tightened,  both  left  and  right. 

"  Each  of  the  muscles  of  these  groups  is  therefore  supplied  with  motor 
nerve-fibres  by  each  of  the  two  roots  excited. 

"The  contractions  can,  if  desired,  be  studied,  of  course,  graphically  by 
the  myograph  "  (communicated  by  C.  8.  Sherrington). 

3.  Brondgeest's  "  Tonus." — Expose  the  sciatic  plexus  in  a  pithed  frog 
from  behind.  Suspend  the  frog  by  a  hook  placed  through  its  nose.  Divide 
the  nerves  of  the  sciatic  plexus  on  one  side.  Observe  the  position  of  the 
corresponding  limb — all  joints  more  extended,  and  longest  toe  lower  on  that 
side.  If  only  the  posterior  roots  of  the  corresponding  nerves  be  cut,  the 
same  result  is  obtained,  showing  that  the  gentle  flexures  of  the  limb — state 
of  tonus — are  reflex, 
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LESSON   LXXIII. 

REACTION-TIME— CEREBRAL   HEMISPHERES- 
HYPNOSIS. 

Reaction-time  is  the  interval  that  elapses  between  the  applica- 
tion of  a  stimulus  to  a  sense-organ  and  the  moment  the  stimulus 
is  responded  to  by  the  individual,  or  "  conscious  reaction  in 
response  to  a  signal "  (^Scriptwre).  For  simple  reaction-time,  or 
sensori-motor  reaction-time,  all  discriminations  and  choice  are 
eliminated  by  repeating  the  same  sensation  and  using  the  same 
response.  Rutherford's  results  (Proc.  Soy.  Soc.  Edin.,  1894) 
give  rather  longer  periods  than  those  of  some  German  observers. 
He  finds  the  pendulum-myograph  advantageous  in  experiments 
on  hearing  and  touch,  as  successive  curves  can  be  superimposed. 
The  mean  reaction-time  he  found  to  be,  for  sight,  o'2o"  to  o'22"j 
hearing,  0-15"  to  o'i6"j  touch,  o'i4"  to  o'ls"  (cheek),  o'ls"  to 
o-i8"  (skin  of  finger). 

Reaction-time  for  touch  in  man.  1.  Pendulum-myograph 
method  {W.  Rutherford). — Two  persons  are  required  (examiner 
A  and  examinee  B),  and  the  observed  person  should  not  see 
what  the  observer  is  doing. 

(o)  Arrange  the  apparatus  (fig.  384).  The  stimulation  is 
done  always  at  the  same  moment  when  the  pendulum  in  its 
swing  breaks  the  primary  circuit.  It  is  convenient,  as  shown  in 
the  figure,  to  use  an  electro-magnet  for  releasing  the  pendulum. 

(6)  The  electrodes  from  the  secondary  coil  are  applied  to  any 
part  of  the  skin,  and  the  observer,  when  he  feels  the  shock,  closes 
the  "  response  key,"  whereby  a  mark  is  made  on  the  glass  plate. 
Record  time  on  the  plate  beforehand  (60  or  100  D.T.  per  sec). 

(c)  If  it  is  desired  for  sound,  a  telephone  is  placed  in  the 
secondary  circuit  and  the  observed  person  responds  when  he 
hears  the  click  at  the  moment  of  breaking  the  primary  circuit. 

Fig.  385  shows  the  reaction-times  result  for  touch  by  the 
pendulum-myograph  (fig.  384),  chronograph  60  D.V.  per  sec. 
The  vertical  line  indicates  the  moment  an  induction  shock  was 
given  to  (i)  skin  of  left  cheek ;  (2)  left  side  of  neck ;  (3)  left 
upper  arm  at  insertion  of  deltoid ;  (4)  left  little  finger;  (5)  dorsum 
of  left  foot  at  root  of  toes,    Response  signal  was  always  given  by 
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right  forefinger.   The  vibrations  following  each  signal  of  response 
result  from  the  momentum  of  lever  ( W.  Rutherford). 

2.  Recording  on  drum  (also  for  sight  and  hearing). 

(as)  Another  method  is  to  cause  two  electro-magnets  with 
writing  styles  to  record  on  a  rapid  drum  arranged  as  in  fig.  386. 
One  signal  with  a  contact-key  in  the  primary  circuit  of  an 
induction  coil.     This  is  the  "  stimulating  key." 


Fig.  384.— Rutherford's  scheme  of  using  Fig.  385. — ^Besult  obtained  for  simple  re- 
pendulum-myograph    for    estimating  action-time  with  pendulum-myograph 

simple  reaction-time.  (Rutherford).    Shocic  applied  in  i,  To 

skin  of  left  cheek ;  2,  Left   side  of 

neck ;  3,  Left  upper  arm  near  deltoid ; 

4,  Left  little  finger ;  5,  Dorsum  of  left 

foot. 

(6)  The  other  electro-magnet  is  in  circuit  with  a  battery,  and 
a  contact-key — the  "response  key."  If  this  method  be  used  for 
touch,  the  electrodes  from  the  secondary  coil  are  applied  to  some 
part  of  the  skin,  and  the  person  marks  response  with  the  response 
key. 

(c)  If  for  sight,  a  white  piece  of  paper  is  placed  on  the  electro- 
magnet style  in  the  primary  circuit,  and  the  person  responds 
when  he  sees  this  move. 
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(d)  If  for  hearing,  place  a  telephone  in  the  stimulating  circuit. 
The  ohserver  puts  the  telephone  to  his  ear,  and  responds  when 
he  hears  the  click  of  the  induction  shock  due  to  closure  of  the 
primary  circuit      Record  time. 

3.  Keaction-time  for  touch  in  man. — Two  persons,  A  and  B. 
Apparatus  required :  coil,  batteries,  wires,  two  du  Bois  keys, 
two  electro-magnets  to  record,  and  tuning-fork  (loo  D.V.  per 
second). 

(a)  Arrange  the  experiment  (fig.  387) — i.e.,  in  the  primary 
circuit  (single  shocks),  two  keys  in  the  course  of  one  wire,  and 

a  recording  electro-magnet. 
Under  the  latter  is  placed  a 
chronograph  recording  j^", 
the  point  of  the  one  exactly 
under  the  other,  on  a  rapid 
drum. 

(6)  Suppose  B  to  be  ex- 
perimented on.  The  elec-' 
trodes  are  placed,  say,  on 
the  back  of  the  hand  or 
cheek  of  B,  and  he  has  con- 
trol of  key  marked  P,  while 
A  controls  O.  Begin  with 
O  open,  and  P  closed.  The 
observer  closes  O,  this  com- 
pletes the  primary  circuit ; 
the  style  of  the  chronograph 
is  attracted,  descends  and 
makes  a  slightly  oblique 
mark  on  the  paper,  which 
indicates  the  moment  of 
stimulation.  As  soon  as  B 
feels  this  he  opens  key  P,  the  primary  current  is  broken,  and 
the  recording  lever  rises. 

(c)  Measure  the  time  value  between  the  down  and  up  move- 
ments of  the  recording  lever.  The  individual  operated  on 
knows  the  spot  to  be  stimulated,  but  even  with  all  his  attention 
the  results  may  not  be  constant.  The  time  varies  with  the 
individual,  his  state  of  attention,  fatigue,  part  stimulated,  and 
many  other  factors. 

4.  Tambour  method  for  reaction  time. — (a)  Touch.  —Arrange 
a  closed  elastic  tube  in  connection  with  a  Marey's  tambour,  to 
record  on  a  cylinder  moving  about  50  mm.  per  second.     Control 


Fig.  386. — Arrangement  for  simple  reaction 
time  {Rutherford]. 
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with  time  tracing.  Place  across  the  tube  a  wooden  lever.  The 
person  observed — blindfolded — places  one  finger  lightly  on  the 
lever.  The  examiner  or  observer  taps  this  finger,  and  the 
moment  the  examinee  feels  the  tap  he  presses  down  the  lever. 
Both  the  instant  of  the  tap  and  the  compression  are  marked  on 
the  cylinder,  and  the  interval  between  them  indicates  the 
reaction  time  to  a  tactile  stimulus  {Waller).  It  is  usually  about 
y  second.  Take  an  average  of  at  least  five  observations.  Or 
arrange  two  Marey's  tambours — one  to  record,  the  other  to 
receive.  The  lever  of  the  latter  the  observed  person  places  on 
his  finger. 

(6)  Hearing. — The  same  apparatus  may  be  used  for  hearing, 
but  the  examinee  must  not  have  his  hand  on  the  lever  when 
the  examiner  taps  the  latter. 

5.  Dilemma. — When  the  individual  has  to  make  a  deliberate 
choice  between  the  parts  of  the  body  stimulated  the  reaction- time 
is  considerably 
longer.  Arrange 
experiment  as  in 
fig.  387,  save  that 
the  wires  from  the 
S  coil  are  made  to 
pass  to  a  Fohl's 
commutator  vnth- 
out  cross-bars,  and 
provided  with  two 
pairs  of  electrodes. 
Thus  at  will  the 
observer  can  pass 
the  induced  shock 
either  through  one 
or  other  pair  of 
electrodes,  the 
examinee  not 
knowing  when 
the  reverser  is 
changed. 


Fig.  387.— Eeaction-tlme  tor  touch  in  man.  T,  Time  signal 
in  circuit  witli  a  tuning-fork,  vibrating  joo  D.V.  per 
second. 


6.  Neuramoebimeter  (Earner),  or  Psychcdometer  {Oberstein),  consista 
of  two  uprights,  S,  with  a  horizontal  axis  carrying  a  spring,  F— rwhich 
vibrates  100  D.V.  per  second — with  a  writing-style  at  its  free  end  (fig.  388). 
A  brass  plate,  B— 6,  moves  in  a  slot,  and  carries  a  smoked  glass  plate,  T, 
a  catch,  DGr,  and  a  handle,  H.  The  handle,  H,  pushes  up  the  glass  plate 
and  catch,  6,  until  the  latter  meets  the  spring,  F,  and  puts  F  on  the 
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stretch.  When  the  catch,  6,  is  withdrawn,  F  vibrates,  and  if  the  style 
be  arranged  to  touch  the  glass,  a  curve  is  obtained  on  the  latter. 

(a)  It  requires  two  persons.  The  observed  person  places  a  finger  on  the 
knob,  K,  while  the  catch,  G,  and  glass  plate  are  pushed  up,  the  former  to 
catch  on  F,  and  the  style  is  arranged  to  write  on  the  glass.  The  observed 
person  must  not  look,  but  close  his  eyes  and  listen. 

(&)  The  observer  suddenly  pulls  on  H,  thus  discharging  the  spring,  F, 
which  vibrates  and  produces  a  note.  The  moment  the  observed  person 
hears  the  sound,  he  presses  the  knob,  K,  and  raises  the  writing-style.  Of 
course,  a  curve  is  recorded,  and  it  is  easy  to  calculate  the  time  which  has 
elapsed  between  the  emission  of  the  sound  and  the  reaction  by  the  observed 
person.     Numerous  observations  must  be  made,  and  the  mean  taken. 

(c)  The  instrument  may  also  be  used  for  vision — i.e.,  when  the  slide, 
B — 5,  on  being  moved  uncovers  a  coloured  disc. 


Fig.  388.— Neuramoebimeter  of  S.  Exner,  made  by  Castagna  (Vienna). 

(d)  In  the  more  complete  form  of  the  apparatus,  a  key  is  fixed  on  one 
side  of  the  apparatus,  so  that  an  electrical  current  is  made  or  broken  at 
the  moment  the  spring  begins  to  vibrate.  The  key  is  placed  in  the 
primary  circuit  of  the  induction-machine,  and  the  electrodes  of  the  second- 
ary battery  are  applied  to  any  part  of  the  skin,  the  observed  person 
depressing  the  knob,  K,  when  he  feels  the  stimulus.  One  can  thus  make 
numerous  experiments  on  the  "  Eeaction-time "  from  different  parts  of 
the  body. 

W.  G.  Smith  has  devised  another  simple  method  (Joum.  of  Phys.,  xvii. ; 
Proc.  of  Phys.  Soc,  Nov.,  1894). 

7.  Inhibition  of  equilibration  movements. 

Take  an  uninjured  frog,  place  it  on  its  back,  and  observe  that  it  will 
not  lie  in  this  position,  but  immediately  rights  itself.  Tie  pretty  firmly 
a  thick  string  round  each  upper  arm.  This  in  no  way  interferes  with  the 
movements  of  the  frog ;  but  on  placing  the  animal  on  its  back,  it  no  longer 
rights  itself,  but  continues  to  lie  in  this  position  for  a  long  time.  It  may 
be  moved  or  pulled  by  the  legs,  yet  it  does  not  regain  its  normal  attitude. 
Notice  the  modification  of  the  respiratory  movements. 

8.  A.  Kiroher's  "  Experimentum  mirabile "  (fig.  389). 

(a)  Take  a  fowl  and  gently  restrain  its  movements.  Bring  its  bill  in 
contact  with  a  table.  With  a  piece  of  white  chalk  draw  a  line  directly 
outwards  from  its  bill.  Hold  the  animal  steadily  for  a  few  seconds,  and 
on  removing  the  hands  gently,  it  will  be  found  that  the  hen  lies  quiescent 
and  does  not  move  for  a  considerable  time.  It  may  be  rolled  to  one  side 
or  the  other,  yet  it  lies  quiescent. 
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(6)  Take  a  hen,  gently  restrain  its  movements,  then  lay  a  straw  or  white 
thread  over  the  base  of  its  bill.  In  a  short  time  the  animal  becomes 
quiescent.  Note  the  alteration  of  the  heart-beat  and  the  depth  and 
number  of  the  respirations. 

That  the  cerebrum  is  not  the  active  organ  in  connection  with  this 
so-called  hypnotic  phenomenon  is  shown  by  the  fact  that  Verworn  has 
obtained  the  same  result  after  removal  of  the  cerebrum  (Verworn,  Die 
eogenannte  Hypnose  der  Thiere,  Jena,  1898). 


Fig.  389.— Kiroher'a  experimentum  mirabile,  copied  from  the  original  figure. 


9.  Hypnosia  {crayfish,  guinea-pig,  rabbit). — It  is  easy  to  produce  this 
effect  in  the  crayfish.  If  it  be  placed  on  its  head  and  its  movements 
restrained,  it  may  remain  often  for  half  an  hour  in  this  position. 

The  guinea-pig,  if  seized  rapidly  and  placed  on  its  back,  its  movements 
restrained,  and  then  one's  hands  be  gently  removed,  it  readily  exhibits  the 
phenomena  of  so-called  hypnosis.  It  seems 
to  me  that  the  hypnosis  is  prolonged  when 
an  elastic  ligature  is  tied  round  the  animal's 
thorax.  On  tapping  the  table,  the  animal 
responds  with  a  sudden  start  at  each  tap. 

Frogs,  if  kept  over  the  winter— especially 
in  a  dry  place — readily  become  hypnotic  if 
placed  on  their  backs  (Stefanowsha). 

10.  Reactions  of  frog  without  cerebral 
hemispheres. 

In  the  frog,  as  shown  in  fig.  390,  the 
parts  of  the  brain  are  arranged  one  behind 
the  other.  The  guide  on  the  surface  of 
the  skull  to  the  posterior  end  of  the  cere- 
bral hemispheres  is  a  line  connecting  the 
front  margins  of  the  two  exposed  tympanic 
membranes.  The  brain  may  be  exposed  in  a 
narcotised  frog  either  by  means  of  a  small  trepan  or  by  severing  the  parts 
with  a  knife.  After  removal  of  the  cerebral  hemispheres,  place  a  little 
cotton  wool  in  the  wound  to  prevent  bleeding. 


Fig.  390, — Brain  of  frog  from  above, 
o,  Olfactory  bulb;  i,  Cerebral 
hemispheres ;  2,  Optic  lobes ; 
3,  Cerebellum  ;  4,  Medulla  ob- 
longata. 
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(a)  Immediately  after  the  operation  the  frog  lies  flat  on  any  surface  with 
its  legs  extended,  but  after  the  shock  of  the  operation — i.e.,  in  about  an 
hour — it  draws  up  its  legs  and  assumes  the  attitude  and  appearance  of  an 
intact  frog,  but  it  makes  no  spontaneous  movements,  although  it  responds 
readily  to  external  stimulation.     It  does  not  feed  itself  spontaneously. 

(6)  Its  eyes  are  open  and  its  respiratory  movements  continue. 

(c)  If  placed  on  its  back,  it  immediately  rights  itself.  If  placed  on  the 
palm  of  the  hand,  or  on  a  rough  board  held  horizontally,  it  sits  immovable, 
but  if  the  board  be  tilted,  or  the  hand  rotated,  then,  when  a  certain  angle 
is  reached,  its  equilibrium  is  disturbed,  and  it  begins  to  crawl  up,  until  it 
comes  to  the  top,  where  its  equilibrium  is  restored,  and  there  it  sits 
motionless.      , 

(d!)  If  placed  in  water  it  makes  continuous  swimming  movements. 

(e)  It  will  avoid  an  opaque  object  placed  in  front  of  it,  when  one  causes 
it  to  jump  by  pinching  its  hind-legs. 

(/)  Croaking  experiment  of  Goltz. — If  held  up  between  the  thumb  and 
forefinger  of  the  right  hand  behind  the  forearm,  and  if  it  be  pinched,  then 
it  responds  to  every  pressure  by  a  "croak."  This  is  due  to  reflex  excita- 
tion of  the  croaking  centre.  It  also  croaks  on  stroking  the  skin  of  the 
back  or  flanks. 

"  Klopfversuch"  of  Goltz. — Open  the  abdomen,  expose  the  intestines, 
and  tap  the  latter  vigorously  with  the  handle  of  a  scalpel.  Notice  tem- 
porary arrest  of  heart.  It  is  better  to  expose  heart  and  observe  Jts 
movements  by  a  suspension  movement.  After  several  taps  the  heart  ceasea 
to  beat.  It  may  also  be  arrested  by  sudden  digital  compression  over  the 
abdomen,  or  by  sudden  constriction  of  a  limb  by  means  of  a  ligature ;  the 
bulbo-spinal  centres  are  in  that  condition  to  which  the  name  "shock"  has 
been  applied.  These  results  do  not  happen  if  the  vagi  be  cut  or  the  bulb 
and  cord  be  destroyed.  It  is  a  reflex  effect,  the  afferent  nerves  being  the 
splanchnic  and  the  efferent  the  vagi  (F.  Goltz,  Beitrdge  a,.  Lehre  v.  d. 
Functionen  der  Nervencentren  des  Frosches,  Berlin,  1869). 

11.  Prolonged  reflex  tone. — A  frog  {Bana  temporaria)  deprived  of  its 
cerebrum  (24  hours  after  operation)  has  the  usual  squatting  attitude.  If 
its  skin  along  both  sides  of  the  vertebral  column  be  gently  stroked,  the 
limb  muscles  will  begin  to  contract  and  will  raise  the  body  into  the 
grotesque  attitude  shown  in  fig.  391,  an  attitude  which  may  be  maintained 
for  over  half  an  hour.  According  to  Verworn,  this  is  due  to  a  tonic  state 
of  excitation  of  tlie  nerve  cells  at  the  base  of  the  mid-brain,  excited 
reflexly  by  the  mechanical  stimulation  of  the  skin.  Thus,  the  after-effects 
far  outlast  the  duration  of  the  stimulus  (Die  sogenannte  Hypnose  der 
Thiere,  Max  Verworn,  Jena,  1898).  , 

Such  a  frog,  if  placed  on  its  back,  not  unfrequently  does  not  regain  its 
equilibrium.  It  remains  so,  with  the  muscles  of  its  limbs  extended  in  a 
tonic  state  of  contraction  (fig.  392).  In  B.  escvlenta,  under  the  same  con- 
ditions, this  reflex-tonus  is  but  slightly  marked. 

12.  Optic  lobes  (Inhibition,  of  reflexes). 

(a)  Expose  the  optic  lobes  in  a  frog,  after  removing  the  cerebral  hemi- 
spheres. After  recovery,  determine  the  latent  period  of  a  reflex  mechanical 
response  of  the  legs  by  Tiirok's  method  (Lesson  LXXI.). 

(6)  Apply  a  crystal  of  common  salt  to  the  optic  lobes,  and  determine  the 
latent  period.  It  is  greatly  increased,  or  the  reflex  may  be  suppressed 
altogether  (Setschenow). 

13.  Involuntary  movements  of  skeletal  muscles.  ' 

(a)  I/udvng^a  apparatus  (fig.  393). — Place  the  button  of  the  apparatus 
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over  any  part  of  the  closed  fist  at  rest.  Unknown  to  the  person  the 
recording  lever  will  indicate  involuntary  movements  of  the  hand  or  arm 
from  time  to  time. 


Fig.  391.— Frog  deprived  of  its  cerebrum.  In  the  attitude  of  general  reflex  tone,  the 
muscles  of  the  limbs  and  hack  are  in  constant  contraction.  It  stands  motionless 
on  its  extended  limhs  (Verwom). 


Fig.  392.— Frog  deprived  of  its  cerebrum  and  laid  on  its  hack  (Verwom). 


Kg.  393.— Iiudwig's  apparatus  lor  involuntary  movements  of  the  hand. 
Made  by  Petzold. 
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(6)_  Aviomatogrotph. — This  is  a  sort  of  planohette  board.  It  consists  of  a 
light  but  strong  wooden  board  (55  x  14  cm.),  carrying  at  one  end  a  block 
of  wood  hollowed  out  to  receive  the  elbow,  and  at  the  other  a  circular  hole 
in  which  the  recording  style  is  fixed.  The  board  is  slung  by  two  loops  of 
string  and  hooked  together  above  where  they  are  fixed  over  a  looped  end 
of  a  wire  by  which  the  whole  apparatus  is  suspended  from  the  ceiling. 
The  style  records  on  smoked  paper  placed  on  a  sheet  of  glass.  Record  the 
normal  indifferent  tremors  of  the  arm  due  to  breathing  and  other  involun- 
tary motor  impulses.  It  has  been  used  by  Titchener  for  studying  the 
effects  of  pleasant  and  unpleasant  sensations — t.g. ,  odours.  (E.  B.  Titchener, 
Experimental  Psychology,  vol.  i.,  95.) 

14.  Bleotrioal  stimulation  of  cerebral  cortex. — Electrical  stimulation  of 
certain  regions  of  the  cortex  cerebri — the  so-called  "motor"  or  "sensori- 
motor "  areas — usually  causes  muscular  response  in  single  muscles  or  groups 
of  muscles  on  the  opposite  side  of  the  body.  If  it  be  desired  to  record  the 
contraction  of  certain  muscles  of  the  fore-limb  of  a  dog  under  these  con- 
ditions, provided  its  approximate  cerebral  area  be  stimulated,  fig.  394 


Fig.  394. — ^Method  of-recording  contraction  of  a  muscle,  Jf,  in  the  fore-limb  of  a  dog 
C  --i*.i.ri^  by  the  tambour  method. 

shows  the  method  of  recording  the  contraction  of  a  given  muscle,  M,  whose 
tendon  is  attached  by  a  thread  to  a  receiving  Marey's  tambour.  In  this 
way  the  character  of  the  resulting  contraction  and  the  latent  period  of 
response  have  been  measured  by  Eranfois-Franok. 

15.  Beoord  fluctuations  of  a  volition.— ^Arrange  a  dynamometer  to  com- 
press a'  Marey's  tambour,  or  a  glass  cylinder  with  a  guttapercha  piston, 
and  another  tambour  to  record.  Let  the  person  choose  any  pressure,  and 
try  to  maintain  that  pressure  constant,  or  use  Waller's  dynamograph. 
What  the  person  thinks  is  a  constant  pressure  is  shown  by  the  tracing  to 
exhibit  considerable  fluctuations. 
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LESSON  LXXIV. 

FORMATION  OF  IMAGE  —  DIFFUSION  —  ABER- 
RATION —  ACCOMMODATION  —  SCHEINER'S 
EXPERIMENT  —  NEAR  AND  FAR  POINTS  — 
PIIRKINJE'S  IMAGES— PHAKOSCOPE— ASTIG- 
MATISM—PUPIL. 

1  Formation  of  inverted  image  on  retina. 

(a)  From  a  fresh  excised  ox-eye  remove  the  sclerotic  irora 
that  part  of  its  posterior  segment  near  the  optic  nerve.  Roll  up 
a  piece  of  blackened  paper  in  the  form  of  a  tube,  black  surface 
innermost,  and  place  the  eye  in  it  with  the  cornea  directed  for- 
wards. Look  at  an  object — e.g.,  a  candle-flame — and  observe  the 
inverted  image  of  the  flame  shining  through  the  retina  and 
choroid,  and  notice  how  the  image  moves  when  the  candle  is 
moved.  Direct  the  eye  towards  a  window,  an  inverted  image  of 
the  window  is  seen  distinctly  at  a  distance  of  five  or  six  yards, 
but  the  image  becomes  blurred  as  one  approaches.  Why  ? 
See  (c). 

(6)  Focus  a  candle-flame  or  other  object  on  the  ground-glass  plate  of  a 
photographic  camera,  and  observe  the  small  inverted  image. 

(c)  Fix  the  fresh  excised  eye  of  an  albino  rabbit  in  du  Bois-Reymond's 
apparatus  provided  for  you,  and  observe  the  same  phenomenon.  The  eye 
is  fixed  with  moist  modeller's  clay.  Observe  the  effect  on  the  retinal 
image  when  a  convex  or  concave  lens  is  placed  in  front  of  the  cornea. 
These  lenses  rotate  in  front  of  the  cornea,  and  are  attached  to  the  instru- 
ment. Try  the  eflect  of  corresponding  glasses  on  your  own  eye,  and  note 
similarity  of  eflect.  The  dead  eye  is  aidjusted  for  distant  vision,  so  that 
the  image  of  distant  objects  are  clearer  than  near  ones. 

{d)  Reverse  the  eye,  and  hold  its  retinal  segment  next  a  window. 
Observe  the  circular  and  radiating  fibres  of  the  iriq. 
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(e)  Volhmann's  method. — Select  a  blonde,  blue-eyed  person,  let  him  turn 
his  eyes  as  far  as  possible  to  the  right  (40°).  Hold  a  lighted  candle  at  an 
angle  of  85°  on  the  right  of  the  examinee.  On  standing  before  him  one  sees 
through  the  slightly  translucent  tissues  of  the  eyeball,  near  the  inner  angle 
of  the  right  eyelid,  an  inverted  retinal  image  of  the  flame. 

2.  Diffusion. 

(a)  Olose  one  eye,  and  bring  a  pencil  gradually  nearer  to 
the  other  eye.  When  the  needle  is  5  to  6  inches  distant,  it 
ceases  to  be  distinct,  is  blurred,  dim,  and  larger.  Owing  to  im- 
perfect accommodation,  there  is  diffusion  and  consequent  dim- 
ness and  apparent  increase  of  size  of  the  object. 

(6)  Prick  a  smooth  pin-hole  in  a  card,  arrange  a  needle  at  the 
proper  distance  to  obtain  the  previous  diffusion  effect.  Intro- 
duce the  card  between  the  needle  and  the  eye,  bring  the  card 
near  the  eye,  and  look  through  the  pin-hole.  The  needle  appears 
distinct  and  larger — distinct  because  the  diffusion  circles  are  cut 
off,  and  larger  because  the  object  is  nearer  the  eye. 

(c)  In  a  dack  room  place  focus  with  a  convex  lens  the  image 
of  a  candle-flame  on  white  paper.  Introduce  a  blackened  card- 
board screen  with  a  narrow  hole  in  it  between  the  light  and  the 
lens.  A  sharp  image  is  obtained  only  at  a  certain  distance  from 
the  lens.  If  the  white  screen  be  nearer  or  farther  away,  the 
image  is  blurred. 

(d)  Look  through  a  small  hole  in  a  card  at  print  placed  nearer  than  the 
near  point  (3  to  4  mm.).  The  print  appears  sharper,  though  less  bright. 
The  diflusion  circles  are  cut  off. 

3.  Spherical  aberratioi].^ — In  good  optical  instruments  this 
defect  is  corrected,  and  the  lenses  are  "aplanatic." 

Make  a  pin-hole  in  a  blackened  card,  look  at  a  light  placed  at 
a  greater  distance  than  the  normal  distance  of  accommodation. 
One  sees  a  radiate  figure,  with  four  to  eight  radii.  The  figures 
obtained  from  opposite  eyes  will  probably  differ  in  shape.  The 
spherical  aberration  of  the  eye  is  not  very  marked,  though  there 
are  marked  imperfections  in  the  symmetrical  disposition  of  the 
lenses  in  relation  to  the  optic  axis. 

4.  Chromatic  aberration — Coloured  fringes. — In  the  best  opti- 
cal instruments  "achromatic"  or  " apochromatic "  lenses  are 
used — i.e.,  they  are  corrected  for  chromatic  aberration.  In  the 
eye  this  is  not  the  case,  for  the  focus  for  violet  lies  nearer  the 
lens  than  that  for  red. 

(a)  With  one  eye  fix  steadily  the  limit  between  a  white  and 
black  surface  {e.g.,  fig.  414),  and  while  doing  so  bring  an  opaque 
card  between  this  eye  and  the  object,  the  other  eye  being  closed. 
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Let  the  edge  of  the  card  be  parallel  to  the  limit  between  the 
white  and  black  surfaces,  so  as  to  cover  the  larger  part  of  the 
pupil.  The  margin  next  the  black  appears  with  a  yellowish-red 
fringe  when  the  part  of  the  pupil  which  lies  next  the  black  sur- 
face is  covered,  while  there  is  a  bluish-violet  fringe  in  the  oppo- 
site condition. 

(6)  Make  a  pin-hole  in  a  blackened  card,  and  behind  the  hole 
place  a  cobalt  glass,  and  look  at  a  gas-flame  through  it.  Cobalt 
glass  allows  only  the  red  and  violet  rays  to  pass  through. 
Accommodate  for  the  violet  rays  or  approach  the  light,  the  flame 
appears  violet, surrounded  with  a  reddish  halo;  on  accommodating 
for  the  red,  or  on  receding,  the  centre  is  reddish  with  a  violet  halo. 

(c)  Place  a  strip  of  red  paper  and  one  of  blue  on  a  black  sur- 
face, the  red  appears  nearer  than  the  blue.  Is  it  because  one 
makes  a  greater  effort  to  accommodate  for  the  less  refrangible 
red  rays  than  for  the  more  refrangible  blue  or  violet  ?  Chromatic 
aberration  is  increased  with  dilated  pupil. 

{d)  W.  von  Bezold's  experiment  (b.  1837). — Make  a  series  (5  to  6)  of 
concentric  circles,  black  and  white  alternately,  each   i  mm.  thick,  the 
diameter  of  the  whole  being  about  15  mm.  (fig.  395).     On  looking  at  these 
circles  when  they  are  placed  within  the 
focal  distance — i.e.,  with  imperfect  ac- 
commodation— one  sees  the  white  become 
pink  ;  to  some  eyes  it  appears  yellow  or 
greenish.     One  usually  notes  also  at  the 
same  time  the  phenomena  of  irregular 
astigmatism  in  one's  own  eye.    The  same 
is  seen  on  looking  at  concentric  black  and 
white  circles,  or  parallel  black  and  white    „.  _,        ■„     , ,.  .       ^ 

lines    from  a   distance   outside   the  far    '''^to^'&7J^o™roS'ablS"'of 
point  of  vision  ;  the  white  appears  red         normal  human  eye. 
and  the  black  bluish. 

(e)  Bend  a  platinum  wire  into  a  ring  half  an  inch  in  diameter,  and  heat 
it  white  hot  in  a  Bunsen.  Look  at  it  through  a  pin-hole  in  a  black  card, 
so  that  the  ring  lies  close  to  the  edge  of  the  field  of  vision  of  the  pin-hole. 
Accommodate  for  centre  of  the  ring,  the  inner  edge  of  the  ring  appears 
blue  or  violet,  and  the  outer  red  (Sanford). 

if)  Wheatstone's  fluttering  hearts. — (i.)  Make  a  drawing  of  a  red- 
coloured  heart  on  a  bright  blue  ground.  In  a  dark  room  lighted  by  a 
candle  hold  the  picture  below  the  level  of  the  eyes,  and  give  it  a  gentle  to 
and  fro  motion.  On  continuing  to  look  at  the  heart,  it  will  appear  to  move 
or  flutter  over  the  blue  background. 

(ii. )  On  a  bright  blue  ground  make  a  square  with  black  lines  and  sub- 
divide it  into  smaller  squares.  On  the  same  ground  make  a  series  of  small 
squares — not  coinciding  with  the  previous  ones— with  red  boundaries.  On 
moving  the  figure  to  and  fro  in  the  shade  below  the  level  of  one's  eyes,  one 
sees  the  red  squares  moving  to  and  fro  over  the  black  ones.  Some  see  the 
black  moving  behind  the  red.  ("  Zur  ErklSrung  d.  flatternden  Herzen," 
A.  Szili,  du  Bois-Reymond's  Archiv,  1891,  p.  157.) 
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5.  Accommodation. — The  eye  can  accommodate  itself  for  either 
near  or  far  objects,  but  not  for  both  at  the  same  time. 

(a)  Standing  near  a  source  of  light,  close  one  eye,  hold  up  both 
forefingers  not  quite  in  a  line,  keeping  one  finger  about  6 
to  7  inches  (15  cm.)  or  16  to  18  inches  (50  cm.)  from  the  other 
eye,  and  the  other  forefinger  about  16  to  18  inches  from  the 
eye.  Look  at  the  near  finger;  a  distant  image  is  obtained 
of  it,  while  the  far  one  is  blurred  or  indistinct.  Look  at  the 
Jar  image  ;  it  becomes  distinct,  while  the  near  one  becomes 
blurred.  Observe  that  in  accommodating  for  the  near  object 
— positive  accommodation — one  is  conscious  of  a  distinct  efibrt, 
and  practically  no  sense  of  efibrt  for  a  far  object. 

(6)  Hold  a  thin  wooden  rod  or  pencil  about  a  foot  from  the 
eyes,  and  look  at  a  distant  object.  Note  that  the  object  appears 
double.  Close  the  right  eye  ;  the  left  image  disappears,  and  vice 
versd, 

(c)  Ask  some  one  to  note  the  diameter  of  your  pupil  when  you 
accommodate  for  the  near  and  distant  object  respectively.  In 
the  former  case  the  pupil  contracts,  in  the  latter  it  dilates.  Ask 
a  person  to  accommodate  for  a  distant  object,  and  look  at  his  eye 
from  the  side  and  somewhat  from  behind ;  the  half  of  the  pupil 
projects  beyond  the  margin  of  the  cornea.  When  he  looks  at  a 
near  object  in  the  same  line,  and  without  moving  the  eyeball, 
observe  that  the  whole  pupil  and  a  part  of  the  iris  next  the 
observer  are  projected  forwards,  owing  to  the  increased  curva- 
ture of  the  anterior  surface  of  the  lens. 

{d)  At  a  distance  of  6  inches  from  the  eyes  hold  a  veil  or  thin  gauze  in 
front  of  some  printed  matter  placed  at  a  distance  of  z  feet.  Close  one 
eye,  and  with  the  other  one  soon  sees  either  the  letters  distinctly  or  the 
fine  threads  of  the  veil,  but  one  cannot  see  both  equally  distinct  at  the 
same  time.  The  eye,  therefore,  can  form  a,  distinct  image  of  >■■  near  or 
distant  object,  but  not  of  both  at  the  same  time ;  hence  the  necessity  for 
accommodation. 

6.  Scheiner's  experiment  (Accommodation  and  inversion  of 
retinal  image)  (fig.  396). — The  Jesuit  Rector,  C.  Scheiner  (1579- 
1650),  published  this  experiment  in  1619.  It  shows  the  eye 
as  an  optical  instrument  furnished  with  lenses  and  screens,  it 
illustrates  the  inversion  of  the  retinal  image,  and  it  illustrates 
the  laws  of  double  images  with  a  single  eye. 

(a)  Prick  two  fine  smooth  holes  in  a  card  at  a  distance  from 
each  other  (i  mm.)  less  than  the  diameter  of  the  pupil.  Fix  two 
white  pins  or  straws  on  corks.  The  person  sits  with  his  back  to 
a  window.  One  eye  is  bandaged.  Ha  has  a  black  screen  placed 
about  75  cm,  in  front  of  him.     Fix  the  card  in  a  piece  of  wood 
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with  a  groove  made  in  it  with  a  fine  saw,  and  see  that  the  holes 
are  horizontal.  Place  the  white  pins  in  line  with  the  holes — i.e., 
in  the  line  of  vision — the  one  about  20  cm.  a,nd  the  other  about 
50  cm.  from  the  card. 

(b)  Close  one  eye,  if  it  is  not  already  bandaged,  and  with  the 
other  look  through  the  holes  at  the  nea/r  pin,  which  will  be  seen 
distinctly,  while  the  far 
pin  will  be  double,  but  ' 
both  images  are  some-  I 
what  dim.  Look  at 
either  pin,  it  is  seen  ji 
single  and  sharply  de-  j  '■ 
fined.                                                   I 

(c)  With  another  card,  | 
while  accommodating  | 
for  the  near  pin,  close  / 
the  right-hand  hole ;  the  / 
right-hand  image  disEtp-  | 
pears;  and  if  the  left-  [ 
hand  hole  be  closed,  the 
left-hand   image    disap- 

(d)  Accommodate  for     i"^ —  ' — 

the  /or  pin,  it  is  seen 
single  and  distinct ;  the 
near  pin  appears  double. 
Close  the  right  -  hand! 
hole,  and  the  left-hand 
image  disappears;  and 
on  closing  the  left-hand 
hole,  the  right  -  hand 
image  disappears. 

(e)  While  either  pin  is  fixated,  on  closing  one  hole  there  is  no 
change  in  the  pin  fixated,  but  the  whole  field  becomes  darker, 
and  the  change  in  the  double  images  of  the  non-fixated  pin  above 
described  are  seen. 

(/)  Instead  of  using  a  ba,id  perforated  with  two  holes,  use  an  apparatus 
so'  constructed  that  one  hole  is  covered  with  a  green  and  the  other  with  a 
red  glass  or  coloured  gelatin,  Kepeat  the  ^evious  observations,  noting 
disappearance  of  the  red  or  green  image,  as  the'  case  may  be. 

(j)  l^he  holes, in  the  card  may  be  nuide  one  above  the  other,  but  in  this 
cade  the  pin  looked  at  must  be  horizontal.  ^ 

(h)  Make  three  holes  in  a  piece  of  ciurdboard,  as  in  fig.  397,  a,  so  that 
tbey  can  be  brought  simultahgoudy  before  one  eye,  and  look  at  a  pin  or 
needle.     One  sees  three  images  of  the  needle.    On  looking  at  a  near  object, 

33 
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Fig.  396.— Scbelner's  experiment. 
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the  needles  are  in  the  position  &,  and  at  a  distant  object  in  that  shown 
in  c. 
(i)  Miles'  experiment. 

(i.)  Look  at  a  pin  through  a  pin-hole  in  a  card.     Accommodate  tor  the 
pin,  move  the  card  to  and  fro,  and  note  that  the  pin  appears  immovable, 
(ii.)  Accommodate  for  a  distant  object  beyond  the  pin,  the  pin  appears 

to    move    in    the    ppposite 
i  _  qf  direction   to    that   of     the 

card. 

(iii.)  Accommodate  for  a 
nearer  object,  and  note  that 
the  pin  appears  to  move  in 
the  same  direction   as  the 
Fig.  397.  card. 

7.  Near  and  far  points  (Limits  of  accommodation). 

(a)  Close  one  eye  and  hold  a  pin  vertically  about  10  inches 
(25  cm.)  in  front  of  the  other.  Look  through  the  two  holes  in 
the  card  used  for  Scheiner's  experiment,  and  when  one  distinct 
image  of  the  needle  is  seen,  gradually  approximate  the  needle 
to  the  card ;  observe  that  it  becomes  double  at  a  certain  distance 
from  the  eye.     This  indicates  the  near  point  of  accommodation. 

(6)  Hold  the  card  in  front  of  one  eye,  and  gradually  walk  back- 
wards while  looking  at  the  needle,  observing  when  it  becomes 
double.  This  indicates  the  far  point  of  accommodation.  N.B. — 
The  experiment  (6)  succeeds  best  in  short-sighted  individuals. 

(c)  Determine  the  near  point  with  a  vertical  needle  and  card  with  hori- 
zontal holes,  and  again  with  a  horizontal  needle  and  a  card  with  the  holes 
vertical.  The  two  measurements  do  not  usually  coincide,  because  the 
curvature  of  the  cornea  is  usually  different  in  the  two  meridians. 

8.  PurMnje-Sanson's  images. — These  images  were  described  in 
1823  by  J.  E.  Purkinje  (1787-1869),  and  utilised  in  1837  for 
diagnostic  purposes  by  L.  J.  Sanson  (1790-1841). 

(a)  The  subject  sits  in  a  dark  room  with  all  light  excluded. 
Hold  a  lighted  candle  to  one  side  of  the  observed  eye  and  on  a 
level  with  it.  The  other  eye  is  closed  with  a  bandage.  Ask  the 
examinee  to  accommodate  for  a  distant  object  (object  at  300  cm.), 
and  look  into  his  eye  from  the  side  opposite  to  the  candle,  and 
three  reflected  images  will  be  seen.  At  the  margin  of  the  pupil, 
and  superficially,  one  sees  a  small  very  bright  erect  virtual  image 
of  the  candle-flame  reflected  from  the  amteirior  (convex)  swrface  of 
the  cornea.  In  the  middle  of  the  pupil — but  8  to  12  mm.  behind 
it — there  is  a  second  less  brilliant,  larger,  and  not  sharply  defined 
erect  virtual  image.  It  is  reflected  from  the  less  convex  anterior 
gwrface  of  the  lens.  The  third  image,  which  lies  most  posteriorly 
and  towards  the  opposite  margin  of  the  pupil,  at  an  apparent 
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depth  of  I  mm.,  is  the  smallest  of  the  three,  and  is  a  real 
iiwerted  image  reflected  from  the  concave  posterior  surface  of  the 
lens.  On  the  examinee  accommodating  for  a  near  object  (30  cm.), 
thepupil  contracts,  while  the  middle  image — thatfrom  the  anterior 
surface  of  the  lens — becomes  smaller  and  comes  nearer  to  the 
corneal  image.  This  shows  that  the  anterior  surface  of  the  lens 
becomes  T^ore  convex  during  accommodation.  No  change  is 
observed  in  the  corneal  image,  and  hardly  any  in  the  third 
image. 

(b)  Instead  of  using  a  oandle-flame,  cut  two  small  square  holes  (10  mm. 
square)  in  a  card,  and  behind  each  plaxse  a  gas-flame,  and  observe  the  three 
pairs  of  square  reflected  images.  If  two  images  are  reflected  from  each 
surface,  the  observation  is  more  easy,  because  the  two  middle  images 
approach  each  other  at  the  same  time  that  they  grow  smaller. 

(c)  Physical  experiment. — Standing  in  front  of  a  large  bi-convex  lens 
supported  on  a  stand,  hold  a  watch-glass  in  the  left  hand  in  front  of  the 
lens  and  a  few  inches  from  it.  Move  a  lighted  candle  at  the  side  of  this 
arrangement,  and  observe  the  three  images  described  above.  Use  a  convex 
lens  of  shorter  focus,  the  images  reflected  from  the  lens  become  smaller. 

9.  The  phakoscope  (Eelmholtz)  is  used  to  demonstrate  the 
change  in  curvature  of  the  lens,  more  especially  of  the  anterior 
surface,  during  accommodation  (fig.  398)  [Helmholtz,  182 1  to 
1894]. 

(a)  Use  it  in  a  dark  room.  Two  persons  are  required.  The  observed 
eye  (patient)  looks  through  a  hole  in  the  box  opposite  to  c,  while  the 
observer  looks  through  the  hole,  a,  at  the  side.  Place  a  lighted  lamp 
some  distance  from  the  two  prisms,  6,  6',  so  that  its  Ueht  is  thrown  clearly 
on  the  observed  eye,  and  the  observer  sees  two  small  bright  square  images 
of  light,  when  the  observed  eye  looks  straight  ahead  at  a  distant  object. 
These  are  the  corneal  images.  He  should  also  see  in  the  observed  eye  two 
larger  less  distinct  images,  from  the  anterior  surface  of  the  lens,  and  two 
smaller  much  dimmer  images,  from  the  posterior  surface  of  the  lens.  The 
last  are  seen  with  difficulty. 

(5)  Ask  the  patient  to  accommodate  for  a  near  object — viz.,  the  pin 
above  c,  keeping  the  eye  unmoved.  The  middle  image  becomes  smaller 
and  goes  nearer  to  the  corneal  one,  while  the  other  two  tmdergo  no  per- 
ceptible change.     At  the  same  time  the  pupil  becomes  smaller. 

10.  Principle  of  Helmholtz's  ophthalmometer. — The  principle  of  this 
instrument  is  illustrated  by  the  apparatus  of  Auber  (fig.  399).  By  means 
of  the  ophthalmometer  Helmholtz  measured  the  size  of  Sanson's  images 
and  the  changes  in  size  during  accommodation.  If  one  looks  at  an  object 
through  a  plate  of  glass  in  a  direction  at  right  angles  to  the  surface  of  the 
glass,  the  object  is  seen  single  and  in  its  exact  position.  If  one  looks  at  it 
obliquely  or  displaces  the  glass,  the  image  appears  displaced  to  the  right 
or  left  according  to  the  angular  rotation  of  the  plate.  In  Helmholtz's 
instrument  two  glass  plates  (fig.  399)  were  placed  one  above  the  other,  and 
could  be  rotated  in  opposite  Erections  round  a  vertical  axis.  One  looks 
through  the  glass  plates  at  two  black  lines  painted  on  a  sheet  of  glass. 
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On  looking  at  the  two  lines  through  the  two  glass  plates,  and  on  rotating 
the  latter  in  opposite  directions,  one  image  is  displaced  to  the  right  and 
the  other  to  the  left,  and  the  object  appears  double.  One  rotates  the 
plates  until  the  inner  edge  of  the  one  image  coincides  withthe  correspond- 
ing edge  of  the  other,  so  that  each  image  has  been  displaced  exactly  to  the 
extent  of  the  size  of  the  object.  The  size  of  the  image  can  be  calculated, 
provided  one  knows  the  refractive  index  of  the  glass  plates,  their  thick- 
ness, and  the  angle  formed  by  them.  In  the  ophthalmometer  the  extent 
of  rotation  is  read  oS  on  a  disc  placed  outside  the  box  containing  the  glass 
plates. 


Fig.  398.— Phakoseope.  a,  Hole  for  observer's 
eye ;  6,  6',  Prisms ;  e,  Carries  a  pin  for  the 
observed  eye  to  fix  as  its  near  point. 


Fig.  3§9.— Auber's  model  to  show 
principle  of  ophthalmometer 
of  Helmholtz.  Made  hy  Fet- 
zold. 


11.  Line  of  accoinmodation — i.e.,  the  eye  does  not  accommodate 
for  a  point,  but  for  a  series  of  points,  all  of  which  a.re  equally 
sharply  perceived  with  a  certain  accommodation. 

{a)  Stretch  a  white  thread  about  a  metre  long  on  a  black  boards 
Through  two  narrow  slits,  about  2  mm.  apart,  in  a  blackened  oaird,  focus 
with  one  eye  a  particular  part  of  the  thread,  which  must  be  in  the  optic 
ajds.  A  part  of  the  thread  on  the  far  and  near  side  of  the  point  fooussed 
is  quite  distinct  and  linear,  but  beyond  or  nearer  than  this  the  thread  is 
double,  and  diverges  from  the  point  focussed. 

(6)  Make  a  small  black  spot  with  ink  on  a  glass  plate,  and  hold  it  in 
front  of  any  printed  matter.  Bring  the  eye  as  close  as  possible  to  the 
glass  plate  without  losing  distinct  definition  of  the  point.  At  one  and 
the  same  time  only  one  of  the  objects  can  be  seen ;  but  not  the  point  and 
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the  print  equally  sharply  defined.  Remove  the  eye  gradually  from  the 
glass  plate,  and  ultimately  at  a  certain  distance  both  the  point  and  print 
will  be  equally  distinct ;  the  point  and  print  mark  the  extreme  limits  of 
the  line  of  accommodation, 

12.  Astigmatism  is  usually  due  to  unequal  curvature  of  the 
cornea  in  different  meridians — i.e.,  the  surface  of  the  cornea  is 
not  part  of  a  perfect  sphere.  Astigmatism  is  not  uncommon, 
and  usually  the  curvature  of  the  cornea  is  greater  in  the  vertical 
than  in  the  horizontal  meridian.  This  is  "  regular  astigmatism." 
In  such  a  "  spoon-shaped  "  cornea  a  point  of  light  is  not  focussed 
as  a  point — "  pin  focus,"  but  is  linear  or  "  line  focus." 

(a)  Draw  on  a  card  two  black  lines  of  equal  thickness,  inter- 
secting each  other  at  right  angles.  Fix  it  vertically  at  the  far 
limit  of  accommodation  and  look  at  it.  Probably  either  the 
vertical  or  horizontal  line  will  be  seen  more  distinctly.  Test 
each  eye  separately.  The  line  most  distinct  corresponds  to  the 
meridian  of  least  curvature  of  the  cornea. 

(5)  Instead  of  a  cross,  draw  a  star,  the  lines  of  equal  thickness  radiating 
at  equal  angles  from  the  centre.  Kepeat  the  previous  observations, 
observing  in  which  meridian  the  lines  are  most  distinct.  Try  effect  of 
increasing  and  decreasing  the  distance. 

(c)  Repeat  these  observations  with  the  ' '  astigmatic  clock  "  suspended 
on  the  wall,  or  with  appropriate  illustrations  given  in  Snellen's  "Test- 
types." 

{d)  Make  a  series  of  concentric  circles  of  equal  thickness  and  tint,  about 
one-eighth  of  an  inch  apart,  on  a  card.  Make  a  small  hole  in  the  centre 
of  the  card.  Look  steadily  at  the  centre  of  the  card  held  at  some  distance. 
All  the  parts  will  not  be  equally  distinct.  Bring  the  card  towards  you, 
noting  in  which  diameter  the  lines  appear  most  distinct. 

(e)  This  card  may  be  used  in  another  way.  Hold  the  card  in  front  of, 
and  with  the  circles  directed  towards  the  eye  of  another  person — especially 
one  with  astigmatism ;  place  your  own  eye  behind  the  hole  in  the  card  and 
look  into  the  observed  eye,  noting  the  reflection  of  the  circles  to  be  seen  in 
the  eye.  Observe  in  which  meridian  the  circles  are  most  distinct,  and  if 
there  be  any  perceptible  difference  in  the  thickness  and  distinctness  of  the 
circles. 

(/)  Fix  a  fine  wire  or  needle  vertically  in  a  piece  of  wood  moving  in 
a  slot,  and  similarly  fix  another  needle  or  wire  horizontally.  Move  the 
needles  until  both  can  be  seen  distinctly  at  the  same  time,  when  it  will  be 
found  that  the  needles  are  some  distance  apart ;  usually  the  horizontal  one 
is  the  nearer. 

13.  Diplopia  monophthalmlca. 

Make  a  small  hole  in  a  black  card,  hold  it  at  some  distance,  and  with 
one  eye  look  through  it  at  a  luminous  point,  the  eye  being  accommodated 
for  a  distant  object.  One  sees  either  several  objects  (feeble  light)  or  an 
irregular  radiate  figure  with  four  to  eight  rays.  Move  the  paper,  and  the 
long  rays  remain  in  the  same  position.  Compare  the  figure  obtained  from 
the  other  eye.     It  will  very  likely  be  different. 
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14.  Movements  of  iris. — (i.)  Look  at  the  white  shade  of  an 
ordinary  reading-lamp.  Close  the  left  eye  and  with  the  right 
look  through  a  pin-hole.  Note  the  size  of  the  (slightly  dull) 
circular  visual  field.  Open  the  left  eye,  the  field  becomes 
brighter  and  smaller  (contraction  of  pupil) ;  close  the  left  eye, 
after  an  appreciable  time,  the  field  (now  slightly  dull)  is  seen 
gradually  to  expand.  One  can  thus  observe  the  rate  of  move- 
ment of  one's  own  iris. 

(ii.)  Pupil-reflex. 

Place  a  person  in  front  of  a  bright  light  apposite  a  window, 
and  let  him  look  at  the  light,  or  place  oneself  opposite  a  well- 
illuminated  mirror.  Close  one  eye  and  observe  the  diameter  of 
the  other  pupil.  Suddenly  remove  the  hand  from  the  closed 
eye,  light  falls  upon  it ;  the  pupil  of  the  other  eye  contracts. 

15.  Drugs  on  pupil. — On  a  rabbit  or  dog  try  the  eflfeot  of  atropin 
applied  to  the  conjunctiva,  and  then  physoatigmin  (i  p.o.)  :  I  p.c.  cooain 
(anaesthesia  and  pupil). 

16.  Drugs  on  excised  eyeball. — These  experiments  should  be  done 
when  frogs  are  used  for  other  experiments.  Place  one  eyeball  in  normal 
saline,  the  other  in  i  p.o.  physoatigmin,  in  a  dark  place,  and  note  size  of 
pupU  from  time  to  time.  Do  likewise  with  i  p.c.  cocain,  i  p.c.  atropin, 
I  p.c.  niootin. 

17.  Light  on  excised  eyeball.^Keep  an  excised  eye  of  frog  or  eel  in 
a  dark  box  for  some  time.  Expose  it  to  light.  The  pupil  contracts.  It 
appears  that  this  is  not  due  to  a  reflex  from  the  retina  {Steinach).  Indeed, 
if  the  excised  eye  of  an  eel  be  kept  cool,  the  sphincter  pupillse  still 
responds  to  light  or  to  electric  shocks,  even  after  several  days  (E.  Guth, 
Pjfilger's  Arch.,  Ixxxv.,  119,  1901).  The  contraction  of  the  pupil  in  these 
cases  seems  to  be  due  to  the  direct  action  of  the  light  on  the  muscular 
tissue  of  the  iris. 

[For  Langley  and  Anderson's  paper  "On  the  mechanism  of  the  move- 
ments of  the  iris,"  see  Joum.  of  Phya.,  xiii.,  554,  1892.] 

18.  Pupillometry. — Changes  in  the  size  of  the  pupil  are  brought 
about  normally  by  very  varied  conditions  : — (i.)  Amount  of  light, 
(ii.)  accommodation  and  convergence,  (iii.)  stimulation  of  other 
parts  of  the  body,  (iv.)  physical,  but  especially  emotional,  condi- 
tions. Its  response  to  certain  drugs  and  abnormal  changes  in 
the  nervous  system  renders  it  an  important  index.  The  pupil 
contracts  when  light  falls  on  the  corresponding  eye — direct 
reaction.  Note,  however,  that  the  other  pupil  contracts  also — 
consensual  reaction.  The  contraction  of  the  pupil  accompanying 
convergence  is  an  associated  movement. 

19.  Pupil  of  albino  rabbit. — The  pupil  in  albinos  appears  red, 
although  in  other  animals  it  is  black.  In  the  albino  it  is  red 
owing  to  the  absence  of  pigment  in  the  choroid  and  iris,  so  that 
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light  is  admitted  through  the  sclerotic  and  choroid  and  is 
reflected  from  the  interior  of  the  eyeball  through  the  pupil  to 
the  eye  of  the  observer. 

Place  in  front  of  the  eye  of  an  albino  rabbit  a  black  screen  with  a  hole  in 
it  of  exactly  the  same  size  as  the  pupil.  Let  the  hole  and  pupil  correspond 
in  position.  The  pupil  appears  black,  as  the  card  arrests  the  lateral  rays 
that  fall  upon  the  eyeball. 

20.  Pupil  appears  larger  than  it  really  is. — The  pupil  is  magnified  by 
the  refractive  action  of  the  cornea  and  aqueous  humour. 

To  see  the  pupil  at  its  exact  size,  an  excised  eyeball  must  be  observed 
in  water.  K  a  glass  model  of  a  pupil  be  taken,  and  then  be  covered  by 
another  thick  piano-concavo-convex  jglass  in  shape  like  the  cornea,  the 
pupil  at  once  appears  larger. 

21.  Ludwig's  apparatus  for  vision  of  a  point  (fig.  400). 

The  black  plate  is  fixed  in  the  slot  so  that  either  a  slit  or  a  hole  is  just 
above  the  handle  of  the  instrument.  Remove  from  the  instrument  the 
carrier  with  the  steel  point,  and  on  the  bar  of  the  instrument  place  the 
vertical  slit  of  the  black  plate  (visual)  near  the  eye.  There  is  a  movable 
black  plate  with  a  small  hole  in  it.  On  looking  at  this  small  hole  through 
a  vertical  slit  it  appears  oval  from  above  downwards,  while  with  a  hori- 
zontal slit  the  round  hole  appears  drawn  out  laterally.  If  there  be  two 
small  holes  near  each  other  in  the  visual  plate,  then  at  a  certain  distance 
two  are  seen  in  the  movable  plate.  If  the  movable  plate  be  removed,  and 
the  steel  point  put  in  its  place,  on  using  the  large  hole  in  the  visual  plate, 
and  bringing  the  steel  point  towards  the  eye,  after  a  time  one  ceases  to  see 
it  distinctly,  or  if  seen  it  is  blurred.  On  using  the  small  hole  in  the  visual 
plate,  the  rod  appears  distinct. 


Fig.  40a— Ludwig's  apparatus  tor  vision  of  a  point.    Made  by  Fetzold. 

22.  Listing's  "  Reduced  Eye  "  (1853). — The  various  dioptric  media  of 
the  eye  may  be  considered  as  equal  to  a  single  substance  with  a  refractive 
index  of  f3S  and  a  single  spherical  surface  of  radius  5T248  mm.  The 
position  of  the  nodal  point  is  5  mm.  behind  the  refractive  surface,  and  the 
principal  focus  15  mm.  behind  this.  This  latter  value  is  of  special  import- 
ance in  enabling  one  to  calculate  the  size  of  a  retinal  image — the  size  and 
distance  of  the  object  being  known  (J-.  B.  Listing,  i8o8  to  1882). 


520  tRACTICAL  PHYSIOLOGY.  [lXXV. 


LESSON   LXXV. 

BLIND  SPOT— FOVEA  CENTRALIS— DIBECT  VISION 
—  CLERK  -  MAXWELL'S  EXPERIMENT  —  PHOS- 
PHENES—  RETINAL  SHADOWS— ADAPTATION 
AFTER-IMAGES. 

1.  Blind  spot. — The  entrance  of  the  optic  nerve  does  not  respond 
to  light. 

{a)  Marriotte's  experiment  (fig.  401). — On  a  white  card  make 
a  cross  and  a  large  dot,  either  black  or  coloured.  Hold  the  card 
vertically  about  10  inches  from  the  right  eye,  the  left  being 
closed.  Look  steadily  at  the  cross  with  the  right  eye,  when 
both  the  cross  and  the  circle  will  be  seen.  Gradually  approach 
the  card  towards  the  eye,  keeping  the  axis  of  vision  fixed  on 
the  cross.  At  a  certain  distance  the  circle  will  disappear — i.e., 
when  its  image  falls  on  the  entrance  of  the  optic  nerve.  On 
bringing  the  card  nearer,  the  circle  reappears,  the  cross,  of 
course,  being  visible  all  the  time  {MarrioUe,  1 1684). 


H- 


Fig.  401.— Marriotte's  experiment. 


(b)  Or  place  the  flat  hand  vertical  to  the  face,  and  with  its  edge  touching 
the  nose  so  as  to  form  a  septum  between  the  two  fields  of  vision.  Fix  the 
cross  in  fig.  402,  keep  both  eyes  open,  and  on  moving  the  paper  to  and  fro 
at  a  certain  distance  both  black  dots  will  disappear. 

+ 

Fig.  402. 

(c)  Filling  in  the  blind  spot. — Close  left  eye,  fix  the  point  o  (fig.  403); 
on  moving  the  paper  a  certain  distance  (about  16  cm.),  one  sees  a  complets 
cross,  and  to  most  observers  the  horizontal  bar  appears  uppermost.  Thue 
we  have  the  blind  spot  filled  out. 


LXXV.] 


BLIND   SPOT. 


521 


(d)  SIvut  right  eye,  am^fia  left  on  star. 

sH  Read  this  line  slowly.     Do  you  see  the  star  all  the  time  ? 


+  a 


Fig.  403. — ^Experiment  showing  filling  out  of  blind  spot. 

(c)  Hold  this  page  at  seven  inches  (17  cm.),  close  left  eye,  and  fixate 
the  star.     A  and  B  will  be  seen,  but  the  circle  is  not. 

Hi  A  O  B 


Fig.  404.— Andereon  Stuait's  model  to  show  Marriotte's  experiment. 

(/ )  Volkmann's  experiment  on  blind  spot. 

Look  at  the  spot  a  (fig.  405)  with  one  eye,  the  gap,  b,  c,  disappears  when 


-I  I- 


6  c 

Fig.  405.— Volkmann's  experiment  on  the  blind  spot. 


522  PRACTICAL  PHYSIOLOGY.  [lXXV. 

it  falls  on  the  blind  spot  and  the  line  looks  continuous  ;  the  points  6  and  c 
appear  as  if  placed  in  the  same  point  of  the  field  of  vision,  so  that  the  parts 
of  the  retina  in  the  periphery  of  the  blind  spot  behave  as  if  two  diametri- 
cally opposite  points  approached  each  other. 

2.  Map  out  blind  spot. 

Make  a  cross  on  the  centre  of  a  sheet  of  white  paper,  and  place  it  on  a 
table  about  lo  or  I2  inches  (30  cm.)  from  you.  Close  the  left  eye,  and  look 
steadily  at  the  cross  with  the  right.  Wrap  a  penholder  in  white  paper — or 
use  quill — leaving  only  the  tip  of  the  pen-point  projecting ;  dip  the  latter  in 
ink,  or  dip  the  point  of  a  white  feather  in  ink,  and  keeping  the  head  steady 
and  the  axis  of  vision  fixed,  place  the  pen-point  near  the  cross,  and  gradu- 
ally move  it  to  the  right  until  the  black  becomes  invisible.  Mark  this 
spot.  Carry  the  blackened  point  still  farther  outwards  until  it  becomes 
visible  again.  Mark  this  outer  limit.  These  two  points  give  the  outer 
and  inner  limits  of  the  blind  spot.  Begin  again,  moving  the  pencil  first  in 
an  upward  and  then  in  a  downward  direction,  in  each  case  marking  where 
the  pencil  becomes  invisible.  If  this  be  done  in  several  diameters,  an 
outline  of  the  blind  spot  is  obtained,  even  little  prominences  showing  the 
retinal  vessels  being  indicated. 

3.  Size  of  blind  spot. 

Helmholtz  gives  the  following  formula  : — When  /  is  the  distance  of  the 
eye  from  the  paper,  F  the  distance  of  the  second  nodal  point  from  the 
retina — usually  15  mm. — d  the  diameter  of  the  sketch  of  the  blind  spot 
drawn  on  the  paper,  and  D  the  corresponding  size  of  the  blind  spot — 

1  -± 
F  -  D' 

4.  Acuity  of  vision  of  fovea  centralis. 

(a)  On  a  horizontal  plane — a  blackboard— describe  a  semicircle  with  a 
radius  equal  to  that  of  the  near  point  of  vision,  and  fix  in  the  semicircle 
pins  at  an  angular  distance  of  5°  apart.  Close  one  eye,  and  with  the  other 
look  at  the  central  pin  ;  the  pins  on  each  side  will  be  seen  distinctly  ;  those 
at  10°  begin  to  be  indistinct,  while  those  at  30°  to  40°  are  not  seen  at  all. 

(6)  Minimum  visible. — -At  a  distance  of  5  feet  look  at  a  series  of  vertic,al 
parallel  lines  alternately  black  and  white,  each  "5  mm.  wide.  A  normal 
eye  will  distinguish  them ;  if  not,  approach  the  object  until  they  are  seen 
distinctly.  The  discriminative  power  for  space  diminishes  rapidly  in  all 
directions  from  the  fovea. 

5.  Direct  vision. — ^When  the  image  of  an  object  falls  on  the 
fovea  centralis,  we  have  "  direct  vision."  When  it  falls  on  any 
other  part  of  the  retina,  it  is  called  "  indirect  vision."  Vision — 
spectral — is  most  acute  at  the  fovea  centralis  of  the  yellow  spot. 

(a)  Standing  about  2  feet  from  a  wall,  hold  up  a  pen  at  arm's 
length  between  you  and  the  wall.  Look  steadily  at  a  fixed  spot 
on  the  wall,  seeing  the  pen  distinctly  all  the  time.  Move  the 
pen  gradually  to  one  side;  first  one  fails  to  see  the  hole  in  the 
nib,  and  as  the  pen  is  carried  outwards  one  fails  to  recognise  it 
as  a  pen.  Hence,  in  looking  at  a  large  surface,  to  see  it  dis- 
tinctly one  must  unconsciously  move  his  eyeballs  over  the  sur- 
face to  get  a  distinct  impression  thereof. 
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(6)  Make  two  black  dots  on  a  card  quite  close  together,  so  that  when 
looked  at  they  are  seen  as  two.  Hold  up  the  left  index-finger,  look  steadily 
at  it,  and  place  the  card  with  the  dots  beside  the  finger.  Move  the  card 
outwards,  inwards,  upwards,  and  downwards  successively,  and  note  that 
as  the  dots  are  moved  towards  the  periphery  they  appear  as  one,  but  not 
at  equal  distances  from  the  fixed  point  in  all  meridians.  For  convenience, 
the  card  may  be  moved  along  a  rod,  movable  on  a  vertical  support. 

6.  Clerk-Maxwell's  experiment — Yellow  spot. 

(a)  A  strong,  watery,  clear,  filtered  solution  of  chrome  alum 
(pale  slate)  is  placed  in  a  clear  glass  bottle  with  flat  sides.  Close 
the  eyes  for  a  minute  or  so,  open  them,  and,  -while  holding  the 
chrome  alum  solution  between  one  eye  and  a  white  cloud,  look 
through  the  solution.  An  elliptical  spot,  rosy  in  colour,  will  be 
seen  in  the  otherwise  greenish  field  of  vision.  The  size  of  the 
rosy  spot  depends  on  the  distance  to  which  it  is  projected.  The 
pigment  in  the  yellow  spot  absorbs  the  blue-green  rays  between 
E  and  F  of  the  spectrum,  hence  the  remaining  rays,  red  and 
greenish-blue,  which  pass  through  the  chrome  alum  give  a  rose 
colour.  The  experiment  may  be  made  with  purplish  gelatine 
sheets  (IS-eiing,  F/iuger's  Archiv,  11  v.,  1893). 

(6)  The  yellow  spot  may  be  shown  by  looking  through  a  blue  glass  (10 
sees. )  at  a  white  surface.  Then  close  one  eye  and  keep  the  other  open  for 
a  few  seconds.  A  small  dark  patch — it  may  be  rosy  in  tint — surrounded 
by  a  lighter  larger  area  will  be  seen.     The  yellow  absorbs  some  of  the  blue 
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(c)  Stimulation  of  one  eye  by  intermittent  light  may  show  it — e.g. ,  moving 
the  spread  finger  rapidly  before  it. 

7.  Bergmann's  experiment. — Make  a  series  of  parallel  vertical 
black  lines,  2  mm.  in  diameter,  oa  white  paper,  with  equal  white 
areas  intervening  between 
them.  Look  at  them  in  a 
good  light,  at  a  distance  of  2 
to  3  metres.  In  a  short  time 
the  lines  will  appear  as  in  fig. 
406,  A.  Why  1  Because  of  the  A 
manner  in  which  the  images 
of  the  lines  fall  on  the  cones 
in  the  yellow  spot,  as  shown 
inB. 

8.  Fhosphenes. 
Press  the  tip  of  one  finger, 

or  the  end  of  a  pencil,  firmly  against  the  inner  corner  of  the 
closed  eye,  turned  as  far  as  possible  towards  the  nose.  A 
brilliant  circular  patch,  with  a  steel-grey  centre  and  yellow 


Fig.  406.— Bergmann's  experiment. 
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circumference,  is  seen  in  the  field  of  vision  and  on  the  opposite 
side.  It  has  the  same  shape  as  the  compressing  body.  Press 
any  other  part  of  the  eyeball ;  the  same  spectrum  is  seen,  and 
always  on  the  opposite  side  Impressions  made  on  the  ter- 
minations of  the  optic  nerve  are  referred  outside  the  eye — i.e., 
beyond  into  space.  The  phosphene  is  seen  in  the  upper  half  if 
the  lower  is  pressed,  and  vice  versd. 

9.  Shadows  of  retinal  blood-vessels  on  fovea. 

Move,  with  a  circular  motion,  a  blackened  card  with  a  pin-hole 
in  its  centre  in  front  of  one  eye,  looking  through  the  pin-hole  at 
a  white  cloud.  Soon  a  punctated  field  appears  with  the  outlines 
of  the  capillaries  of  the  retina.  The  oval  shape  of  the  yellow 
spot  is  also  seen,  and  it  will  be  noticed  that  the  blood-vessels  do 
not  enter  the  fovea  centralis.  Move  the  card  vertically,  when 
the  horizontal  vessels  are  more  ;listinct.  On  moving  it  hori- 
zontally, the  vertical  ones  are  more  distinct.  Some  observers 
recommend  that  a  slip  of  blue  glass  be  held  behind  the  hole  in 
the  opaque  card ;  but  this  is  unnecessary. 

10.  Corresponding  points  on  retina— t.e.,  points  whose  stimula- 
tion gives  rise  to  single  vision.      They  are  to  be  regarded  as 


Fig.  407. — Anderson  Stuart's  model  for  showing  corresponding  points  on  retina. 

physiological  points  acting  in  harmony  rather  than  accura.tely 
located  anatomical  points.     With  binocular  vision  an  object  out- 
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side  the  body  gives  two  linages  on  the  corresponding  points  of 
the  retina.  See  the  object  single  (fig.  407),  but  if  the  images  fall 
on  non-corresponding  points,  -we  have  diplopia  or  double  vision. 

11.  Outward  reference  of  visual  perceptions. 

Physically  considered,  the  image  on  the  retina  is  inverted 
(Lesson  LXXIV.,  1).     This  is  also  shown  by  retinal  shadows. 

(o)  Retinal  ahadowa  (Le  Cat's  experiment). — Hold  a  card  with  a  pin-hole 
in  front  of  the  eye.  Bring  the  head  of  a  pin  from  below  upwards  between 
the  eye  and  the  pin-hole  until  it  comes  in  exact  line'  with  the  pin-hole. 
The  pin  in  the  centre  of  the  circle  of  diffusion  of  the  pin-hole  casts  a 
shadow  on  the  retina,  and  appears  as  a  shadow-inverted  image  of  the  head 
of  the  pin.  The  rays  as  they  enter  the  eye  are  divergent,  and  cast  a 
shadow.  The  shadow  on  the  retina  is  erect,  but  is  perceived  as  inverted 
(N.  E.  Le  Gat,  1700  to  1768). 

12.  PurMige's  figures  (Figures  of  retinal  blood-vessels). 

In  a  dark  room  light  a  candle,  and  stand  in  front  of  a  mono- 
chromatic wall,  or  hang  up  a  large  white, sheet,  and  while  look- 
ing steadily  with  one  eye  towards  the  wall  or  sheet,  accommo- 
dating the  eye  for  a  distant  object,  hold  the  candle  close  to  the 
side  of  that  eye,  well  out  of  the  field  of  vision — downwards  and 
laterally  from  the  eye — and  move  the  candle  up  and  down.  It 
is  better  to  direct  the  eye  outwards,  keeping  it  accommodated 
for  a  distant  object.  Ere  long,  dark  somewhat  red-brown  branch- 
ing lines,  shadows  of  the  retinal  vessels,  will  be  seen  on  a  red 
background,  due  to  the  shadows  cast  by  the  retinal  vessels  on 
the  percipient  parts  of  the  retina.  Therefore  the  parts  of  the 
retina  stimulated  by  light  must  lie  behind  the  retinal  blood- 
vessels. If  the  candle  be  moved  in  a  vertical  plane,  the  shadows 
move  upwards  or  downwards  with  the  light.  If  the  light  be 
moved  horizontally,  the  shadows  move  in  an  opposite  direction. 

Entoptical  vision. — By  this  is  meant  the  visual  perception  of 
objects  situated  within  one's  own  eye. 

13.  Muscae  volitantes  (Particles  in  media  of  eye  or  on  its 
surface). 

(a)  Light  a  candle  in  a  dark  room ;  at  a  distance  from  it  place 
a  black  screen  with  a  pin-hole  in  it.  Focus  with  a  convex  lens 
the  image  of  the  flame  on  the  hole  in  the  screen.  Look  through 
the  hole  with  one  eye.  On  the  illuminated  part  of  the  lens 
images  of  dots  and  threads  due  to  objects  within  the  eyeball  are 
seen. 

(2i)  Bays  of  light  proceeding  from  a  point  at  or  preferably  within  the 
anterior  focus  of  tne  eye — i.e.,  ijmm.  or  less  from  the  cornea — cast|'a 
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shadow  of  any  object  within  the  eyeball,  because  the  rays  fall  parallel  on 
the  retina. 

Look  through  a  pin-hole  in  a  card  close  to  the  eyeball  at  an  illuminated 
surface — e.g.,  a  white  lamp-shade,  or  white  sky.  The  margins  of  the 
aperture  become  luminous— i.e.,  they  are  the  luminous  body.  One  sees 
such  floating  objects  as  are  present  in  the  media  of  one's  eye,  the  "  musca3 
volitantes." 

14.  Inversion  of  shadows  on  retina. 

Make  three  pin-holes  in  a  card,  and  arrange  them  in  a  triangle  close  to 
each  other.  Hold  the  card  4  or  5  inches  from  the  right  eye,  and  look 
through  the  holes  at  a  bright  sky  or  lamp.  Close  the  left  eye,  and  in 
front  of  the  right  hold  a  pin  so  that  it  just  touches  the  eyelashes.  An 
inverted  image  of  the  pin  will  be  seen  in  each  pin-hole.  Retinal  images, 
as  we  have  seen,  are  inverted  on  the  retina,  shadows  on  the  retina  are 
erect,  and  therefore  the  latter,  on  being  projected  outwards  into  space, 
are  seen  inverted. 

15.  Duration  of  impressions  on  retina. 

On  a  circular  white  disc,  about  lialf-way  between  tlie  centre 
and  circumference,  fix  a  small  black  oblong  disc,  and  rapidly 
rotate  it  by  means  of  a  rotating  wheel.  A  grey  ring  appears, 
showing  that  impressions  on  the  retina  last  a  certain  time. 

16.  Talbot  (1834) — Plateau  (1835)  law. — When  momentary  stimuli — 
white,  black — follow  one  another  with  sufficient  rapidity,  a  grey  once 

produced  is  not  changed  by  in- 
creased rapidity  of  rotation  of  the 
disc  exciting  the  sensation.  The 
intensity  of  the  light  impression  is 
quite  independent  of  the  absolute 
duration  of  the  periods  of  illumina- 
tion and  shade. 

Rotate  a  disc  like  fig.  408  twenty- 
five  times  per  second.  The  period 
in  which  illumination  and  shade 
alternately  lasts  for  the  inner  zone 
is  ^'-j  sec,  for  the  middle  ^,  and 
for  the  outer  zone  xutt  sec.  In  all 
three  zones  the  period  of  illumina- 
tion lasts  exactly  one-half  of  the 
period,  and  the  three  zones  have 
exactly  the  same  brightness.  Rotate 
more  quickly,  and  no  further  effect 
is  produced.  The  number  of  rota- 
Fig.  408.  tions  can  be  determined  by  Harding's 
improved  counter. 

17.  Charpentier's  experiments  (slow-moving  discs). 

(i.)  "  Black-band  experiment." — Make  a  disc  ^  white,  cause  it 
to  revolve  (once  in  two  seconds)  in  bright  direct  sunshine.  On 
the  white  sector  will  be  seen  a  narrow  "black  band"  or  sector 
near  the  black  edge  that  has  just  passed  in  front^of  the  eye,  but 
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separated  from  that  edge  by  a  narrow  white  sector  (fig.  409). 
The  black  band  always  appears  at  the  same  time  from  the 
moment  the  white  sector  appears  in  the  field.  The  time  is 
equal  to  ^  to  ^^  sec— i.e.,  0-014"  to  o-oi6".  It  is  independent 
of  the  velocity  of  the  disc.  Sometimes  there  are  two  or  three 
successive  fainter  bands,  but  they  are  difficult  to  make  out. 

The  first  effect  is  white,  followed  by  an  after-effect  which  is 
black  even  dwring  the  continued  white  stimulus.  Thus  there 
seems  to  be  a  slow  oscillatory  process  in  the  retino-cerebral 
apparatus,  showing  a  positive  and  a  negative  phase,  each  phase 
lasting  o'oi4"  to  o'oi6". 

The  negative  phase  of  oscillation  takes  place  after  the  shortest 
possible  illumination,  and  appears  to  be  a  general  phenomenon. 
Oharpentier  suggests  that  it  is  possible  that  a  single  bright 
stimulus — e.g.,  an  electric  spark — appears  as  a  double  or  redupli- 
cated bright  sensation  {Archives  de  Physiologie,  541,  1892). 
Another  form  of  the  experiment  is  given  in  a  later  paper,  629. 
Natwre,  xlviii.,  380,  1893. 


Fig.  409.— Charpentier's  disc  for  "  Black        Fig.  410.— Charpentier's  disc  for  vision 
Band."    Xlie  arrow  shows  the  direc-  of  purple  background, 

tion  of  rotation. 

(ii.)  On  a  large  black  disc  (40  cm.  diameter)  gum  near  its  oiroumferenee 
a  piece  of  white  paper  (i  cm.  and  angular  deviation  1°  to  2°),  and  cause  the 
disc  to  revolve  twice  per  second.  The  observer  has  a  sensation  of  a  white 
ribbed  streak  (about  J  of  the  entire  circle)  on  the  black  surface.  There  is 
not  a  uniform  tint,  and  the  ribbed  appearance  is  due  to  an  oscillatory 
process  in  the  retino-cerebral  apparatus. 

(iii.)  Arrange  a  black  disc  with  narrow  open  equidistant  sectors,  to 
rotate  opposite  to  a  white  surface  illuminated  by  direct  sunlight.  The 
sectors  have  their  apices  towards  the  periphery  and  their  bases  at  the 
centre  (fig.  410).  On  rotating  the  disc  before  the  eyes  so  that  the  retina 
is  stimulated  40  to  60  times  per  second — i.e.,  when  each  stimulus  occurs 
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during  the  negative  after-effect  of  the  preceding  stimulus,  one  gets  a  sen- 
sation of  a  purple- violet  field,  but  the  field  is  colourless  at  lower  or  higher 
rates  of  stimulation.  Charpentiei;'  thinks  that  the  coloured  sensation  is 
due  to  entoptical  vision  of  the  retinal  purple. 

18.  Adaptation  to  darkness,  light,  and  colours. — The  eye  adjusts 
itself  to  the  intensity  of  the  illumination  partly  by  change  in  size 
of  the  pupil  and  partly  by  changes  in  the  retina  itself. 

(a)  Pass  from  ordinary  daylight  into  a  perfectly  dark  room 
and  remain,  there.  At  first  it  is  oppressively  dark  and  blacky 
but  after  two  minutes  it  appears  lighter,  and  after  ten  minutes 
a  dull  grey.     Note  if  any  colour  sensations  are  felt. 

(6)  Pass  into  daylight.  At  first  one  is  dazzled,  the  eyes  are 
painful  and  one  blinks,  but  in  a  few  minutes  adaptation  is 
complete. 

(c)  Use  spectacle  frames  with  temple -frames  provided  with 
glasses  of  different  colours — best  from  the  yellow  blue-green  area 
of  the  spectrum — and  look,  say,  through  yellow  at  a  landscape. 
After  a  few  minutes  the  colour  sensation  almost  vanishes. 

19.  Monocular  retinal  image  and  perception  of  size. — (a)  In  ordinary 
vision  when  objects  are  at  the  same  distance  they  have  the  same  relative 
size  as  the  retinal  image.  Large  images,  in  absence  of  other  data,  are 
taken  as  coming  from  large  objects,  and  small  from  small. 

(&)  Known  objects  usually  appear  as  of  constant  size,  irrespective  of  the 
size  of  their  retinal  images.  Look  at  one  hand  at  a  distance  of  8,  i6,  and 
24  inches.  Its  apparent  size  appears  the  same,  although  the  retinal  image 
is  one-half  and  one-quarter  its  original  length. 

20.  Positive  after-images. — They  are  of  shorter  duration  and 
less  easily  perceived  than '  negative  images.  After  brief  stimu- 
lation shield  the  eye  from  the  further  action  of  light. 

(a)  In  a  room,  not  too  brightly  illuminated,  rest  the  retina  by 
closing  the  eyes  for  a  minute.  Suddenly  look  for  two  seconds 
at  a  gas  jet  surrounded  with  a  white  globe,  then  close  the  eyes. 
An  image  corresponding  to  that  looked  at  will  be  seen. 

(b)  Rest  the  retina  by  closing  the  eyes,  then  look  at  a  gas- 
flame  surrounded  with  a  coloured  glass,  or  look  at  a  gas-flatae 
in  which  some  substance  is  burned  to  give  a  characteristic  flame 
—e.g.,  common  salt.  Then  look  at  a  white  surface,  when  a  posi- 
tive after-image  of  the  same  colour  will  be  seen.  In  all  these 
cases  the  image  moves  as  the  eye  is  moved,  showing  that  we 
have  to  do  with  a  condition  within  the  eye. 

(c),  Turn  off  the  gas  suddenly  in  a,  dark  room.  The  positive  image  of 
the  flame  and  burner  appears. 

{d)  Look  at  a  window  for  one-third  of  a  second  and  cover  the  eyes. 


LXXV.]  RETINAL   IMAGES.  529 

21.  Negative  after-images. — These  are  the  after-effects  of  adap- 
tation and  may  be  regarded  as  a  sign  of  retino-cerebral  fatigue. 
—  Successive  contrast. 

(a)  Kest  the  retina,  and  then  stare  steadily  for  half  a  minute 
or  less  at  a  small  white  square  or  white  cross  on  a  black  ground. 
To  ensure  fixation  of  the  eyeballs,  make  a  small  mark  in  the 
centre  of  the  white  paper,  and  fix  this  steadily.  Then  suddenly 
slip  a  sheet  of  white  paper  over  the  whole,  a  black  square  or 
cross  will  appear  on  the  white  background.  I  find  that  the 
best  black  surface  to  use  is  the  dull  black  of  the  "  Tuch-papier," 
such  as  is  used  by  opticians  for  lining  optical  apparatus.  Notice 
also  while  staring  at  the  white  paper  that  its  margins  appear 
much  brighter  than  the  centre,  owing  to  contrast. 

(5)  The  black  negative  after-image  may  also  be  seen  by  closing 
the  eyes. 

(c)  Look  at  a  black  square  or  cross  on  a  white  ground.  Turn 
to  a  grey  surface,  when  a  white  square  or  cross  will  appear. 
The  apparent  magnitude  of  the  after-image  varies  with  the 
distance  of  the  background — best  a  grey  background.  The  after- 
image enlarges  as  the  distance  increases.  The  after-image  also 
moves  to  all  parts  of  the  room  as  the  fixation  point  of  the  eye 
changes. 

{d)  Stare  intensely  at  a  bright  red  square  on  a  black  surface 
for  twenty  seconds,  and  then  look  at  a  white  surface  :  a  bluish- 
green  patch  on  the  white  is  seen.  It  waxes  and  wanes,  and 
finally  vanishes. 

(e)  A  green  stared  at  in  the  same  way  gives  a  red — i.e.,  in 
each  case  the  complementary  colour  is  obtained  as  a  "  negative 
coloured  after-image." 

(/)  Place  a  small  red  and  a  small  green  square  side  by  side 
on  a  black  background,  stare  at  them,  and  quickly  cover  the 
whole  with  a  sheet  of  white  paper :  a  greenish-blue  after-image 
will  appear  in  place  of  the  red,  and  a  reddish-purple  instead  of 
the  green. 

These  negative  after-images  are  examples  of  so-called  "  Succes- 
sive contrast "  (Lesson  LXXVII.). 

N.B. — Note  the  "periodicity"  of  after-images.  They  come 
and  go,  wax  and  wane,  relative  brightness  of  its  parts  may 
change  often  with  marked  periodicity.  Many  conditions  affect 
the  after-image — change  of  position  of  eyeball,  breathing. 

22.  Visual  purple  (Rhodopsin). — Keep  a  rabbit  or  frog  for  at  least 
four  hours  in  complete  darkness,  or  in  a  perfectly  dark  room  illuminated 
only  by  monochromatio  light  =  sodium  flame.  The  soda  flame  used  for 
Ivaurent  or  Wild's  polariscope  is  convenient,  or  a  soda  flame  as  used  by  photo- 
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graphers.  Kill  the  animal  and  remove  the  eyes.  In  the  case  of  the  frog 
the  best  way  is  to  cut  away  the  head  from  the  eyes.  Cut  across  the  eye- 
balls— best  under  normal  saline — and  remove  the  retina.  For  the  rabbit's 
eye,  after  removing  the  corneal  segment,  Kuhne  removed  the  vitreous 
humour,  and  in  order  that  the  retina  might  be  freed  readily  he  used 
a  small  circular  punch  to  cut  round  the  optic  nerve.  The  retina  then 
separates  readily  and  is  floated  on  to  a  small  porcelain  capsule.  One 
retina  can  be  fixed  with  alum  solution ;  the  other  covered  with  a  bjaok 
shade.  Observe  the  purple  colour  and  how  it  fades  on  exposure  to  light. 
One  can  follow  the  stages  of  bleaching  {Kiihne).  Observe  in  the  dark 
room  that  blood  by  sodium  flame  appears  black. 

23.  Weber's  law  {FecJmer's  experiment  with  grey  glasaes).  See  also 
Lesson  LXXIX. — (a)  Select  in  a  half  covered  sky  two  clouds  with  only 
the  trace  of  a  difference  to  the  eye — i.e.,  jvst  perceptible  diflerence.  Place 
before  both  eyes  a  large  sheet  of  grey  or  smoked  glass  which  lets  through 
about  one-third,  and  then  add  a  second  sheet  whereby  the  two  together 
let  through  only  about  one-seventh  of  the  light.  The  difference  of  inten- 
sity remains  just  as  clear  as  before,  and  this  although  there  has  been  such 
a  considerable  weakening  of  the  total  light. 

(6)  The  same  experiment  can  be  done  with  photographic  transparencies 
where  faint  differences  of  shading  are  present.  Examine  under  different 
conditions  of  illumination,  using  various  backgrounds. 

(c)  Demonstration  with  discs  on  rotating  apparatus.  Discs  giving  a, 
geometrical  increase  of  intensity  from  centre  to  circumference  are  con- 
structed.    On  rotation  the  medium  grey  occurs  halfway  from  the  centre. 


LESSON   LXXVI. 


PERIMETRY  —  IRRADIATION  —  GEOMJITRICAL   IL- 
LUSIONS—IMPERFECT  VISUAL  JUDGMENTS. 

1.  Map  out  field  of  vision.    Perimetry, 

(a)  A  rough  method  is  to  place  the  person  with  his  back  to 
a  window,  ask  him  to  close  one  eye,  stand  in  front  of  him  about 
2  feet  distant,  hold  up  the  forefingers  of  both  hands  in  front  of 
and  in  the  plane  of  your  own  face.  Ask  the  person  to  look 
steadily  at  your  nose,  and  as  he  does  so  observe  to  what  extent 
the  fingers  can  be  separated  horizontally,  vertically,  and  in 
oblique  directions  before  thev  disappear  from  his  field  of  vision. 

(6)  Priestley  Smith's  Perimeter  (fig.  4na). — Let  the  observer  seat 
himself  near  a  table  on  which  the  perimeter  is  placed  at  a  convenient 
height.  Suppose  the  right  eye  is  to  be  examined,  fix  a  blank  chart  for 
the  right  eye  behind  the  wooden  circular  disc,  A  mark  on  the  hand-wheel 
shpws  which  way  the  chart  is  to  be  placed. 
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(c)  The  patient  rests  his  right  cheek  against  the  knob  on  the  wooden 
pillar  in  such  a  position  that  the  knob  is  about  an  inch  directly  under  his 
right  eye,  the  other  eye 
is  closed  either  volun- 
tarily or  with  a  shade, 
while  the  observer  looks 
steadily  with  the  right 
eye  at  the  white  spot  on 
the  end  of  the  axis  of 
the  instrument. 

{d)  The  observer  turns 
the  quadrant  with  his 
right  hand  by  means  of 
the  wooden  wheel,  first 
to  one  and  then  to 
another  meridian.  With 
his  left  he  moves  the 
white  mark  along  the 
quadrant,  beginning  at 
tne  periphery  and 
gradually  approaching 
centralwards  until  it  is 
just  seen  by  the  right 
eye.  A  prick  is  then 
made  in  the  chart  cor- 
repponding  to  the  angle 
read  oflf  on  the  quadrant, 
at  which  the  observer 
can  see  the  white  spot. 

(e)  Turn  the  quadrant 
to  another  meridian  and 
determine  the  limit  of 
the  visual  field  as  before. 
This  is  repeated  for  four 
or  more  meridians,  and 
then  the  pricks  on  the 
chart  are  joined  by  a 
continuous  line,  when 
we  obtain  an  oval  field 
more  extensive  in  the 
outer  and  lower  por- 
tions. Test,  if  desired, 
the  left  eye,  substitut- 
ing a  blank  chart  for 
that  eye. 

(/)  Test  the  field  of 
-  vision  for  colours,  sub- 
stituting for  the  white 
travelling  disc  blue, 
red,  and  green.  Mark 
each  colour-field  on  the 


Fig.  411&. — Hand  perimeter  of  Dr.  L.  Aacher. 
Made  by  K.  Jung,  Heidelberg. 


chart  with  a  pencil  of  similar  colour.  Notice  that  the  field  for  blue  is 
nearly  as  large  as  the  normal  visual  field.  It  is  smallest  for  green,  red 
being  intermediate  between  green  and  blue  (Lesson  LXXVII.). 
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{g)  With  Ludwig's  apparatus  test  when  red,  yellow,  bine,  and  other 
coloured  glasses  cease  to  be  distinguished  as  such  in  the  field  of  vision. 

{h)  Asoher's  hand  perimeter. — A  convenient  and  simple  form  is  that 
shown  in  fig.  41  ib. 

2..  Binocular  vision. 

(a)  Hold  in  front  of  each  eye  a  blackened  tube.  On  looking 
through  both  tubes  two  fields  will  be  seen.  Gradually  cause 
the  tubes  to  converge  at  their  free  ends,  and  the  two  fields  of 
vision  will  be  seen  to  meet  and  form  a  single  field. 

(6)  Continue  the  convergence,  and  note  that  two  fields  re- 
appear, but  they  are  crossed.  In  these  "  secondary  positions " 
there  is  no  rotation  of  the  eyeball  on  its  antero-posterior  axis. 

(c)  If  the  eyeball  be  turned  in  any  other  direction  (tertiary 
positions)  the  after-image  appears  inclined,  or  at  an  angle  with 
the  vertical  or  horizontal  stripes,  according  to  the  original  posi- 
tion of  the  red  fixation-object. 

3.  Wheel  movements  (False)  of  eyeballs  (Secondary  and  Tertiary 
Positions). 

(a)  On  a  grey  sheet  of  stout  paper,  at  least  i  metre  square,  rule  a  number 
of  vertical  and  horizontal  faint  black  lines.  Fix  on  the  centre  of  the  paper 
a  strip  of  red  paper  on  a  level  with  the  eyes,  the  eyes  being  in  the  primary 

position — i.e.,  looking  straight 
ahead.  Gaze  steadily  at  the 
latter,  keeping  the  head  fixed. 
After  a  time  suddenly  direct  the 
eyeballs  to  another  part  of  the 
grey  surface  ;  a  green-blue  after- 
image is  seen  which  retains  its 
same  relative  position  with  re- 
gard to  the  vertical  and  hori- 
zontal lines,  provided  the  eye- 
balls be  moved  directly  upwards, 
downwards,  inwards,  or  out- 
wards— i.e.,  if  the  eyeball  is 
moved  up,  along  vertical  or  hori- 
zontal meridians,  the  after-image 
is  still  vertical.  Turn  the  eye- 
ball upwards  and  to  the  right, 
or  downwards  and  to  the  left, 
the  head  being  kept  in  the 
same  position,  the  after-image 
appears  tilted  to  the  right ;  if 
the  eyes  are  directed  upwards 
and  to  the  left,  or  downwards 
and  to  the  right,  the  after-image 
appears  tilted  to  the  left.  A  similar  result  occurs  with  a  horizontal  strip 
of  paper,  but  the  after-images  are  inclined  against  the  inclination  of  the 
vertical  images. 

Suppose  we  look  at  a  rectangular  red  cross,  p,  under  the  same  circum- 


Fig.  412. — Appearance'of  a, Crosslin  false 
wheel  movements  of  eyeballs. 
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stances  (fig.  412),  on  turning  the  eyes — i.e.,  the  visual  liae — to  any  vertical 
or  horizontal  line  passing  through  p,  the  after-image  is  a  rectangular  cross, 
but  it  appears  oblique,  and  its  angles  are  neither  horizontal  nor  vertical 
■when  the  eyes  look  obliquely — i.e.,  when  the  point  of  vision  diverges  con- 
siderably from  the  above-named  lines.  The  apparently  displaced  crosses 
are  shown  in  a,  b,  c,  d. 

These  oblique  after-images  were  formerly  regarded  as  showing  that  the 
eyeball  rotated  on  its  antero-posterior  axis — i.e.,  wheel  movements.  This 
is  not  the  case,  the  movements  are  only  apparent.  If  they  were  real  the 
after-images  ought  to  move  in  the  same  direction  with  both  vertical  and 
horizontal  strips,  but  they  do  not. 

4.  Associated  movements  of  eyes. — Both  eyes  act  together  as  a 
single  visual  apparatus.  Up  and  down  movements  are  performed 
simultaneously  by  both  eyes. 

Close  one  eye  and  rest  the  top  of  one  finger  on  the  upper  eye- 
lid, and  feel  how  this  eyeball  moves  as  the  other  is  moved  from 
point  to  point  in  the  field  of  vision. 

5.  Reflex  movements  of  eyes. — Note  how  any  bright  object 
seen  by  indirect  vision  is  at  once  brought  into  the  field  of 
clearest  vision  by  a  reflex  movement  of  the  eyeball. 

6.  Involuntary  movements  of  eyes. — Fixate  the  edge  of  a  small 
red  patch  on  a  blue  ground.  Soon  the  colour  brightens,  now  on 
the  red,  now  on  the  blue,  owing  to  small  unintentional,  uncon- 
trollable, involuntary  movements  of  the  eyes. 

7.  Irradiation. — By  irradiation  is  meant  the  fact  that,  under 
certain  circumstances,  objects  appear  larger  than  they  should  be 
according  to  their  absolute  size  and  distance  from  the  eye — 
larger  than  other  objects  of  greater  or  less  brightness  of  the 
same  size  and  at  the  same  distance. 

(a)  Cut  out  two  circles  as  in  fig.  413,  of  exactly  the  same  size, 


Fig.  413.— Positive  irradiation. 

of  white  and  of  black  paper.  Place  the  white  patch  on  a  black 
and  the  black  on  a  white  sheet  of  paper.  Hold  them  some 
distance  from  the  eye,  and,  especially  if  they  be  not  distinctly 
focussed,  the  white  circle  will  appear  larger  than  the  black  one. 
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(b)  Divide  a  square  into  four,  as  shown  in  fig.  414,  two  of  the 
smaller  squares  being  white  and  two  black.  Hold  the  figure  at 
some  distance  from  you.  The  two  white  squares  appear  larger, 
and  they  appear  to  run  into  each  other  and  to  be  joined  together 
by  a  white  bridge. 

(c)  Look  at  fig.  415,  placed  at  such  a  distance  that  the  accommodation  is 
imperfect.  The  white  stripe,  which  is  of  equal  breadth  throughout,  appears 
wedge-shaped,  being  wider  below  between  the  broad  black  patches,  and 
narrower  above.  To  me  also  the  narrow  black  patches  appear  to  be  broader 
above  and  narrower  below. 


Fig.  414. 


Fig.  415. 


(d)  Gum  on  a  sheet  of  white  paper  two  strips  of  black  paper  5  mm. 
wide,  and  parallel  to  each  other,  leaving  a  white  interspace  of  8  mm. 
between  them.  Look  at  the  object,  and,  especially  if  it  be  not  sharply 
focussed,  the  smaller  black  strips  will  appear  broader  than  the  white  one. 

(e)  Hold  a  pencil,  ruler,  or  edge  of  cardboard  in  front  of  a  flame.  The 
flame  seems  to  cut  into  the  margins  of  the  object,  which  look  narrowed 
and  constricted  at  that  Jiart. 

8.  Visual  spatial  perception — Geometrical  optical  illusions. — 
The  latter  name  was  given  by  their  discoverer — in  1854-5 — 
J.  J.  Oppel  (1815-1874).  They  include  in  Wundt's  phrase 
"  erroneous  apprehension  of  spatial  distances,  directions,  and 
differences  of  direction."  It  is  well  to  turn  the  diagrams  and 
view  them  from  different  sides.  This  enables  one  to  separate 
illusions  due  to  position  from  those  that  are  not.  A  perfect 
square  looks  higher  than  it  is  broad.  They  have  been  classified 
by  Titchener  as  follows  : — 

A.  Illusions  of  reversible  perspective  (Perspective  interpreta- 
tion of  plane  figures). — (a)  Look  with  one  eye  at  fig.  416 ;  fixate 
b,  and  let  the  eye  travel  slowly  from  6  to  c  and  back  again. 
Observe  how  the  perspective  changes ;  6  may  seem  to  be  near 
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one  or  far  away.  It  is  like  a  folded  calling  card  or  half-opened 
book  placed  vertically  on  the  table  with  the  fold  at  one  time  like 
back  of  book,  or  next  moment  like  an  open  book.  Some  refer  to 
this  as  an  "  equivocal  illusion."  The  stair-figure  and  the  classical 
experiment  on  L.  A.  Necker's  cube  (1833)  belong  to  the  same 
order,  and  so  does  the  illusion  oi  the  Jhtctuatmg  blocks  (fig.  417). 
The  blocks  appear  to  have  their  ends  alternately  above  and 
below.     The  view  changes  against  our  will  as  we  look  at  it. 


Fig.  416.— Folded  card  illusion. 


Fig.  417.— Illusion  of  fluctuating  bloclts. 


(6)  Crossed  lines. — A  short  vertical  or  horizontal  line  (i  inch)  out  at  its 
mid-point  obliquely  by  a  similar  line,  if  viewed  with  one  eye,  tend  very 
readily  to  take  on  a  tridimensional  interpretation  and  appear  in  perspec- 
tive. They  are  best  seen  when  drawn  on  glass  and  observed  against  the 
sky  or  other  uniform  background  {Sanford). 

(c)  Contour  illusions. — Draw  a  circle  with  its  circumference  interrupted, 
say,  in  three  places,  leaving  either  equal  or  unequal  arcs.  The  arcs  appear 
too  flat,  and  do  not  seem  to  belong  to  a  circle  of  such  radius. 

B.  Variable  illusions  of  extent. — (a)  Oppel's  lines. — Make  three 
round  black  dots.  A,  B,  0,  of  the  same  size,  in  the  same  line,  and 
let  A  and  G  be  equidistant  from  B.,  Between  A  and  B  make 
several  more  dots  of  the  same  size.  A  and  B  will  then  appear 
to  be  farther  apart  than  B  and  0.  Or  make  two  lines,  A  and  B, 
equal  length.  Make  a  short  vertical  through  B.  It  appears 
longer  than  A. 

'  (b)  ffelmholti^s  squares. — Make  on  a  white  card  two  squares  of 
equal  size,  omitting  the  outlines.    Across  the  one  draw  horizontal 
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lines  at  equal  distances,  and  in  the  other  make  similar  vertical 
lines.  Hold  them  at  some  distance.  The  one  with  horizontal 
lines  appears  higher  than  it  really  is,  while  the  one  with  vertical 
lines  appears  broader — i.e.,  both  appear  oblong. 

(c)  The  length  of  a  line  appears  to  vary  according  to  the  angle 
and  direction  of  certain  other  lines  in  relation  to  it  (fig.  418). 
The  length  of  the  two  vertical  lines  is  the  same,  yet  one  appears 
much  longer  than  the  other.  Make  similar  figures,  but  vary  the 
angle  of  the  rays.  (A  large  number  of  similar  illusions  will  be 
found  in  du  Bois-Reymond's  Archiv,  1890,  91,  by  F.  0.  Miiller- 
Lyer,  and  LSska,  p.  326.  For  the  explanations  offered  see 
Titchener,  Eaoperimental  Psychology  (Qualitative),  321,  1901.) 


\/ 


Fig.  418.— To  show  lalse  estimate  of  size.    Arrow- 
head and  feather,  or  Miiller-Lyer  illusion. 


C.  Constant  illnsions  of  extent. 


Fig.  419.— ZoUner's  lines. 


(as)  Make  a  circle,  and  inside  draw  a  square,  with  its  angles  touching  the 
circle.  Where  they  touch  the  circle  appears  as  if  it  were  pulled  in 
(Delbauf). 

[b)  Make  a  horizontal  line,  and  from  its  middle  draw  a  vertical  line  of 
exactly  the  same  length.  The  latter  looks  much  the  longer  of  the  two 
(Kundt). 

D.  Variable  illnsions  of  direction. 

(a)  ZoUner's  lines  (i860). — Make  two  parallel  lines.  Note 
that  one  can  judge  very  accurately  as  to  their  parallelism. 
Draw  short  oblique  lines  through  them.  The  lines  now  no 
longer  appear  to  be  parallel,  but  seem  to  slope  inwards  or  out- 
wards, according  to  the  direction  of  the  oblique  lines,  Rotate 
the  figure  on  a  vertical  axis,  and  observe  the  effect.  Or  draw 
two  parallel  lines,  and  from  the  mid-point  between  them  draw 
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radiating  lines  through  both  parallels.     The  parallel  lines  now 
appear  to  diverge  (Herimg). 

(6)   Look  at  fig.  419 ;   the  long  lines  do  not  appear   to  be 
'parallel,  although  they  are  so. 

(c)  Poggendorfa  illusion. — Draw  two  vertical  parallel  lines  2  to  4  mm. 
apart,  and  through  them  obliquely  a  line  which  does  not  traverse  the 
interval  between  the  lines.  The  two  parts  of  the  oblique  line  do  not 
appear  to  have  the  same  direction. 

{d)  Draw  an  outline  of  an  arch,  cover  a  small  part  vertically  with  a 
narrow  strip  of  paper.  One  cannot  convince  one's  self  that  the  separated 
parts  of  the  arc  really  were  part  of  a  complete  arc. 


Fig.  420. — Uelmholtz's  chessboard  ;  von  B^cklinghausen's  illusion. 

£.  Constant  illusions  of  direction  (von  Becklinghauseu's  illu- 
sion).— Curved  lines  that  appear |];  straight  in  indirect  vision, 
Eelmholtz's  "  circle  of  direction." 

(a)  Monocular  perception  of  direction. — Fix  the  centre  of  fig. 
420  at  a  distance  of  3  to  4  cm.  from  the  eye,  when  byjindirect 
vision  the  broad  white  and  black  areas  of  the  peripheral  parts, 
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bounded  by  hyperbolic  curves,  will  appear  as  small  and  the  lines 
bounding  them  as  straight  as  the  smaller  areas  in  the  middle 
zone — i.e.,  the  lines  are  approximately  straight  and  parallel. 

P.  The  following  illusion  is  from  Sanford  : — 

In  these  two  columns  the  type  is  Here  the  lines  are   "leaded" — 

of  exactly  the  same  size.     On  this  jg      have  greater   space    between 

side,  however,   it  is  set  "  solid,"  ,,  t    •!       ^  -iT   ^u  x  xu 

and    looks    smaller    than    on   the  *1^«"'-     ^^  '*'  °°*  P"^^^^^^  *'^^*  **'« 

other.     According  to  Wundt,  this  effect  is  based  on  the  general  greater 

is  because  the  eye  passes  over  the  whiteness  in  this  case  and  blackness 

same  number  of  letters  in  a  shorter  ^  ^i^e  other  ? 
course. 

9.  Imperfect  visual  judgment. 

(a)  Look  at  the  row  of  letters  (S  and  A)  and  figures  (8).  To 
some  the  upper  halves  of  the  letters  and  figures  may  appear  to 
be  the  same  size  as  the  lower  halves,  to  others  the  lower  halves 
may  appear  larger.  Hold  the  figure  upside  down,  and  observe 
that  there  is  a  considerable  difierence  between  the  two,  the 
lower  half  being  considerably  larger. 

SSSSS  88888  AAA  AA 

10.  Imperfect  judgment  of  distance. 

(a)  Close  one  eye,  and  hold  the  left  forefinger  vertically  in 
front  of  the  other  eye,  and  try  to  strike  it  with  the  right  fore- 
finger. On  the  first  trial  one  will  probably  fall  short  of  the 
mark,  and  fail  to  touch  it.  Close  one  eye,  and  rapidly  try  to 
dip  a  pen  into  an  inkstand,  or  put  a  finger  into  the  mouth  of  a 
bottle  placed  at  a  convenient  distance.  In  both  oases  one  will 
not  succeed  at  first.  In  these  cases  one  loses  the  impressions 
produced  by  the  convergence  of  the  optic  axes,  which  are 
important  factors  in  judging  of  distance. 

(6)  Hold  a  pencil  vertically  about  15  cm.  from  the  nose,  fix  it 
with  both  eyes,  close  the  left  eye,  and  then  hold  the  right  index- 
finger  vertically,  so  as  to  cover  the  lower  part  of  the  pencil. 
With  a  sudden  move  try  to  strike  the  pencil  with  the  finger. 
In  every  case  one  misses  the  pencil  and  sweeps  to  the  right 
of  it. 

(c)  Fix  a  wire  ring  about  3  inches  in  diameter  into  the  end  of  a  rod  about 
2  feet  in  length.  Hold  the  rod  at  arm's-ltogth,  close  one  eye,  try  to  put 
into  the  riag  a  vertical  process  attached  to  a  rod  of  similar  length  held  in 
the  other  hand. 
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Fig.  421.— Apparatus  for  Hering's  experiment  with 
tailing  bodies. 


(d)  Bering's  experiment. — The  apparatus  is  shown  in  fig.  421. 
The  observer  has  to  determine  whether  marbles  dropped  fall  in 
front  of  or  behind  the  horizontal  wire.  This  can  easily  be  done 
by  binocular  vision, 
but  the  judgments  are 
often  very  erroneous 
with  monocular  vision. 

11.  Imperfect  judg- 
ment of  direction. 

As  the  retina  is 
spherical,  a  line  be- 
yond a  certain  length 
when  looked  at  always 
shows  an  appreciable 
curvature. 

(a)  Hold  a  straight  edge  just  below  the  level  of  the  eyes.  Its 
upper  margin  shows  a  slight  concavity. 

(6)  In  indirect  vision  the  appreciation  of  direction  is  still  more  imperfect. 
While  leaning  on  a  large  table  fix  a  point  on  the  table,  and  then  try  to 
arrange  three  small  pieces  of  coloured  paper  in  a  straight  line.  Invariably 
the  papers,  being  at  a  distance  from  the  fixation-point,  and  being  seen  by 
indirect  vision,  are  arranged  not  in  a  straight  line,  but  in  the  arc  of  a  circle 
with  a  long  radius. 

12.  Convergence  of  visual  axes  influence  conceptions  of  size 
and  distance. 

(a)  Place  a  blackened  paper  tube  before  each  eye,  look  at  a 
fixed  object,  and  then  gradually  converge  the  tubes ;  the  object 
appears  larger  and  nearer. 

(6)  Look  at  an  object  through  two  pieces  of  glass  (2j  x  2j  x  J  in.),  held 
at  first  in  the  same  plane,  one  in  front  of  each  eye.  Let  the  adjoining 
edges  of  the  two  plates  of  glass  be  moved  each  on  a  vertical  axis,  so  that 
they  form  either  a  more  or  less  obtuse  angle  with  each  other.  In  order  to 
see  the  object  distinctly  the  axes  of  the  eyeballs  must  converge  to  a  greater 
or  less  extent,  as  the  case  may  be,  with  the  result  that  the  object  appears 
larger  or  smaller,  or  appears  to  approach  or  recede  as  the  plates  are  rotated. 
Special  forms  of  apparatus  contrived  by  Bollett,  and  another  by  Landois, 
are  used  for  this  purpose. 

13.  Apparent  movements  depending  on  positive  after-images. 

(o)  Strobio  discs  (S.  P.  Thompson). — Give  the  discs  a  somewhat  circular 
but  rapid  movement  and  observe  that  the  rings  appear  to  move,  each  one 
on  its  own  axis  ("  Optical  illusions  of  motion,"  Brain,  iii.,  i88o-8i). 

(6)  Radial  movement. — While  another  person  rotates  a  disc  with  an 
Archimedean  spiral  drawn  on  it  (fig.  422)  on  the  rotating  wheel,  look 
steadily  at  the  centre  of  the  disc.  One  has  the  impression  as  if  the  disc 
were  covered  with  circles  which,  arising  in  the  centre  and  gradually 
becoming  larger,  disappear  at  the  periphery.  If  the  revolution  is  in  the 
direction  whereby  the  spiral  approaches  the  centre  of  the  disc,  the  entire 
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surface  of  the  disc  seems  to  expand  during  revolution  and  to  contract 
after  it  has  ceased,  and  vice  versd  if  the  revolution  is  in  the  opposite 
direction.  After  long  fixation  look  at  printed  matter  or  at  a  person's 
face ;  the  letters  appear  to  move  towards  the  centre,  while  the  person's 

face  appears  to  become 
smaller  and  recede.  If 
the  disc  be  rotated  in  the 
opposite  direction,  the 
opposite  results  are  ob- 
tained (Bowditchand  Hall, 
Joum.  ofPhys.,  iii.,  299). 

(c)  Fix  an  object,  turn 
the  head  rapidly,  and  note 
that  the  object  appears  to 
move  in  an  opposite  direc- 
tion. When  the  eye  does 
not  move,  we  judge  that 
a  body  is  in  motion  when 
the  image  of  that  body 
falls  successively  on  dif- 
ferent points  of  the  retina, 
and  at  the  same  time  are 
conscious  that  the  ocular 
muscles  have  not  con- 
tracted (Beaunis). 

(d)  Exner's  Illusion. — 
A  movement  seen  by  in- 
direct vision  is  over-esti- 
mated. Let  A  fixate  one  eye  on  some  object.  B  moves  a  lighted  taper 
to  and  fro  (4  to  5  cm.  excursion)  in  the  outer  part  of  the  field  of  vision,  and 
A  is  to  indicate  by  a  movement  of  the  hand  his  conception  of  the  extent 
of  the  movement  of  the  taper.    He  will  invariably  greatly  over-estimate  it. 

At  the  margin  of  the  field  of  vision — i.e.,  in  indirect  vision — ^the  distance  , 
of  objects  from  one  another  and,  above  all,  the  distance  travelled  by  moving 
objects  is  greatly  exaggerated.    This  is  in  sharp  contrast  to  the  diminished 
colour  vision  in  this  region. 

(e)  Bldwell's  illusion  of  motion. — Hold  fig.  423  vertically.  Move  it 
vertically  slowly  in  front  of  the  eyes.  The  thick  black  line  will  appear 
to  travel  over  the  thin  one. 


Fig.  422. 


Fig.  423.— Bidwell's  illusion  of  motion. 

[,N.B. — Many  other  figures  and  simple  apparatus  for  most  of  the  above 
experiments  are  supplied  under  the  title  of  "  Pseudoptics,"  by  Milton- 
Bradley  Co.] 
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LESSON   LXXVII. 

COMPLEMENTARY  COLOURS  — MIXING  COLOUR- 
SENSATIONS— COLOUR-BLINDNESS— CONTRAST 
-FLICKER. 

OuE  visual  sensations  are  referable  not  only  to  light  and  form, 
but  also  to  colov/r. 

Any  given  colour-sensation  may  vary  as  regards 

(i.)  Colour  tone  ov  hue — e.g.,  the  colours  of  the  spectrum, 
(ii.)  Saturation  or  tint — i.e.,  changes  in  (i.)  produced  by 

addition  or  subtraction  of  white. 
(iii.)  Intensity  or  shade,  or  brightness  of  the  colour. 

1.  Complementary  colour — Colour  mixture — Colour  equation. — 
Given  any  colour  it  is  possible  to  find  another — the  comple- 
mentary or  antagonistic  colour — which,  if  mixed  with  it  in 
proper  proportion,  will  give  white  or  grey  (brightness  quality). 

Apparatus. — Colour-mixer  (figs.  424,  425).  Maxwell's  coloured  discs 
(10  cm.  diam.)  accurately  centred  and  slit  along  one  radius,  and  large 
black,  white,  and  grey  discs  similarly  slit.  Grey  screen.  The  colour 
discs  are  rotated  on  the  colour-mixer.  They  must  be  accurately  centred, 
and  must  not  "wobble."  The  rotation  speed  should  be  about  40  to  50 
times  per  second  to  get  rid  of  flicker.  The  discs  are  best  observed  against 
a  grey  background,  and  must  be  uniformly  illuminated. 

Complementary  colours  are — 

Red  (carmine)  and  bluish-green.     Orange  and  greenish-blue. 

Yellow  and  blue.  Green  and  purple. 

Red  and  verdigris. 

(a)    Select  yellow  and  blue  discs,  or  red  and  bluish-green. 

Slide  one  disc  over  the  other,  fix  them  on  the  spindle  of  the 

colour-mixer,  and  on  rotating  if  the  amounts  of  each  colour  be 

suitably  adjusted  they  will  fuse  and  give  a  grey  or  nearly  white 

surface.     The  greys,  however,  by  this  method  may  be  slightly 

coloured  owing  to  the  colours  of  the  discs  not  being  exactly 

complementary.     This  can  be  neutralised  if  inclined  to  red  by 

adding  a  sector.of  a  third  disc — green ;  if  greenish-grey  add  red. 

Put  two  small  discs  of  black  and  white  ou  the  mixer  over  the 
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coloured  discs,  and  adjust  relative  amounts  of  B  and  W  until 
they  give  the  same  grey  as  is  obtained  with  the  colour  discs. 
The  match  must  be  exact,  both  as  regards  colour  and  bright- 
ness. 

The  quantities  of  each  colour  can  be  read  off  on  a  scale  of 
degrees.     Find  the  amount  in  degrees  of 

Y  +  B  +  G  =  grey  (white). 

(6)  Make  an  experiment  to  show  that  excess  of  either  sector 
B  or  Y  gives  an  unsaturated  colour  of  the  tone  of  the  prevailing 
component. 

N.B. — The  blending  of  colours  by  rotation  depends  on  the 
phenomenon  of  after-images. 

(c)  Repeat  with  overlapping  discs  of  red  and  bluish-green. 

(d)  Blue  and  red  discs.     Adjust  relative  amounts  to  observe  results. 

2.  Mixing  colour- sensations  (J.  H.  Lambert,  Fhotometria, 
1760).  —  Note  that  mixing  of  "colour-sensations"  is  a  very 
different  thing  from  the  mixing  of  pigments. 

(a)  Lambert's  method. — On  a  black  background  place  a  blue 
wafer  or  square  of  blue  paper,  and  6  or  7  inches  behind  it 
a  yellow  square  or  wafer.  Hold  a  plate  of  clear  class  vertically 
about  10  inches  above  and  midway  between  the  two  squares. 
Look  obliquely  through  the  glass,  and  get  the  reflected  image  of 
yellow  to  overlap  the  blue,  seen  directly  through  the  glass ; 
where  they  overlap  appears  white.  Hering  has  arranged  a  large 
form  of  this  apparatus  suitable  for  class  purposes. 

(5)  Coloui-mixer  and  Rotation  apparatus  (fig.  424). — Arrange  on  the 
spindle  of  the  rotation  apparatus  or  colour-mixer,  the  disc  with  coloured 
sectors  provided  for  you  (fig.  425).  On  rotating  the  disc  rapidly,  observe 
that  it  appears  grey  or  whitish.  The  disc  is  provided  with  sectors  corre- 
sponding to  the  colours  of  the  spectrum,  and  arranged  in  varying  propor- 
tions. 

(c)  Arrange  three  of  Clerk-Maxwell's  colour  discs — red,  green,  and 
violet — upon  the  spindle  of  the  rotation  apparatus.  Adjust  the  relative 
amounts  of  these  three  colours,  so  that  on  rapidly  rotating  them  they  give 
rise  to  the  sensation  of  grey  or  white.  Each  disc  is  of  a  special  colour, 
and  has  a  radial  slit  from  the  centre  to  the  circumference.  This  slit 
enables  a  disc  of  a  difierent  colour  to  be  slipped  over  the  other,  and  thus 
many  discs  can  be  superposed,  and  the  amount  of  each  colour  exposed 
regulated  in  any  desired  proportion. 

{d)  Combine  chrome-yellow  and  blue  discs  in  various  proportions  ;  the 
resultant  colour  is  never  green,  but  a  yellowish-  or  reddish-grey. 

(e)  Arrange  two  coloured  discs  of  vermilion  and  bluish-green  in  the  pro- 
portion of  36  of  the  former  to  64  of  the  latter.  On  the  same  spindle  arrange 
a  white  and  a  black  disc — with  a  diameter  a  little  more  than  half  that  of 
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the  former  pair — the  white  being  in  the  proportion  of  21 '3  to  787  of  the 
black.     On  rotating,  a  grey  colour  is  obtained  from  both  sets  of  discs. 

(/)  Double  refraction. — Look  through  a  prism  of  Iceland  spar  at  two 
■oOloured  squares  lying  side  by  side.  The  fields  of  colour  will  partially 
overlap,  but  their  brightness  is  diminished  (Heririg). 

(jf)  Mixture  of  spectral  colours. — Hold  a  prism  horizontally  and  look  at 
a  white  inch  square  lying  on  black.  The  prism  refracts  the  different  rays 
unequally,  and  thus  produces  multiple  images  which  appear  as  coloured 
fringes.  The  horizontal  edges  of  the  paper  will  be  seen  as  orange-yellow 
and  blue. 


Fig.  424.— Bothe's  rotatory  apparatus  for  colour-discs.    It  is  so  arrangedjas  tofeive 
various  rates  of  rotation  byj^combining  the  motions  of  z,  2,  and  3. 


3.  Colour  vision  in  different  parts  of  retina.  Colour  sensitivity. 
Campimetry. — Use  a  perimeter  (Lesson  LXXVL).  Make  discs 
o'75  cm.  in  diameter  of  white,  red,  green,  yellow,  and  blue,  and 
test  the  field  of  colour  vision  in  different  meridians,  or  simply 
let  B  stand  over  a  table  covered  with  a  black  surface,  his  fore- 
head resting  on  a  block  30  cm.  high,  and  looking  straight  down 
on  a  table  at  a  fixed  object.  A  places  the  coloured  discs  on  the 
cloth  at  various  distances  and  uncovers  them  for  a  moment. 

In  using  the  perimeter  B  fixes  a  red  disc,  say,  in  the  left 
quadrant,  at  65°,  covers  it  with  a  black  screen,  and  then  exposes 
for  2  seconds.  A  states  if  he  can  see  it,  and  what  colour — if 
any — it  appears  to  him.  Of  ootfrse,  A  must  fixate  the  mark  or 
fixation  point.  Probably  the  red  will  appear  greyish.  Bepeat 
the  observation,  diminishing  the  angle  each  time  by  5°,  until  B 
sees  thp  djsp  as  red.     itepeat  with  the  other  discs — blue,  green, 
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are  seen  farthest  out. 


yellow,  and  white.     White  and  yellow 
Repeat  for  the  other  three  quadrants. 

These  experiments  show  that  the  retina  is  not  uniformly 
sensitive  to  colour  over  its  entire  surface.  There  are  practically 
thre^  zones  of  sensitivity — (i.)  inner  zone,  where  all  the  primary 
colours  (Hering's  red,  green,  blue,  and  yellow),  blacks,  greys, 
and  whites  are  seen;  (ii.)  middle  zone,  partially  colour-blind, 
where  only  blue,  yellow,  black,  grey,  and  white  are  seen;  (iii.) 
outer  zone — totally  colour-blind  zone — over  which  we  see  only 
blacks,  greys,  and  whites. 
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Fig.  425.— Visual  field  of  left  eye  for  different  colours. 


4.  PurMiije's  Phenomenon. — P.  observed  that  a  red  and  a  blue 
which  appeared  equally  bright  with  ordinary  illumination,  and 
further^noted  that,  with  diminished  intensity  of  light,  the  blue 
became  the  brighter.  It  appears  that  this  is  referable  to  a  more 
general  phenomenon — viz.,  that,  with  decrease  of  the  intensity 
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of  the  spectrum,  the  short  wave  end  becomes  relatively  brighter 
(W.H.R  Rivers). 

(a)  Select,  in  moderate  light,  a  piece  of  red  and  a  piece  of  blue  paper  of 
about  equal  brightness  and  saturation.  Observe,  in  bright  sunlight,  which 
is  the  brighter.  Look  at  them  now  in  a  dark  room  and  compare  them. 
Or  look  at  them  through  a  fine  pin-hole  in  a  card. 

(b)  Lay  a  stick  of  red  sealing-wax  on  an  ultramarine  ground  distinctly 
darker  than  the  red.  Diminish  the  illumination.  The  red  becomes  black. 
The  dark  background,  however,  takes  a  bright  bluish-grey  tint. 

5.  Hering's  apparatus  for  mixing  colours  of  coloured  glasses. 

By  mixing  two  priinary  colours  (red,  yeUow,  green,  blue),  one  may 
obtain  all  intermediate  hues,  and  by  mixing  three  colours  (red,  green,  and 
blue,  or  yellow,  green,  and  violet),  one  can  obtain  white.  The  apparatus 
consists  of  a  box,  h  (fig.  426),  two  pieces  of  mirror  glass,  s  and  Sj,  each 


..  426.— Bering's  apparatus  for  mixing 
coloured  light,  ft,  Box ;  t,  £1,  Lids ; 
W,  Wi,  Wi,  White  reflecting  surfaces. 


Fig.  427.— Scheme  of  fig.  426.  f,h,h.  Col- 
oured glasses ;  TT,  TTi,  TTa,  White  re- 
flecting surfaces ;  «,  S\,  Glass  plates. 


placed  at  an  angle  of  45°  to  the  horizontal  plane,  as  shown  in  fig.  427.  The 
base  of  the  box  consists  of  a  coloured  glass,  /j,  while  the  lower  half  of  the 
right  lateral  wall  is  filled  with  the  coloured  glass  plate,  /j,  and  the  upper 
half  of  the  left  wall  by  the  coloured  glass  plate,  /.  The  white  glass  plates, 
W,  Wi,  W2,  reflect  light  through  the  coloured  glasses  (fig.  426).  The  light 
transmitted  from  below  and  that  from  the  two  sides  is  transmitted  by  a 
tube  to  the  observer's  eye.  The  brightness  can  be  varied  by  adjusting  the 
white  reflecting  surfaces,  which  are  placed  opposite  a  well-lighted  window. 
By  means  of  three  small  metallic  doors,  t,  t^,  any  one  of  the  colours  can  be 
cut  off.  Thus  any  combination  of  coloured  lights  can  be  made,  as  the 
glasses  are  movable.  The  writer  has  found  it  best  to  put  the  violet  or  blue 
fowermost. 

35 
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6.  Test  colonr-blindness. — On  no  account  is  the  person  being 
tested  to  be  asked  to  name  a  colour.  In  a  large  class  of  students 
one  is  pretty  sure  to  find  some  who  are  more  or  less  colour- 
blind.    The  common  defects  are  for  red  and  green. 

{a)  Place  Holmgren's  worsteds  on  a  white  background  in  a 
good  daylight.  Select,  as  a  test  colour,  a  skein  of  a  light  green 
colour,  suqh  as  would  be  obtained  by  mixing  a  pure  green  with 
white.  Ask  the  examinee  to  select  and  pick  out  from  the  heap 
all  those  skeins  which  appear  to  him  to  be  of  the  same  colour, 
whether  of  lighter  or  darker  shades.  A  colour-blind  person  will 
select,  amongst  others,  some  of  the  confusion-colours — e.g.,  pink, 
yellow.  A  coloured  plate  showing  these  should  be  hung  up  in 
the  laboratory.  Any  one  who  selects  all  the  greens  and  no 
confusion-colours  has  normal  colour  vision.  If,  however,  one 
or  more  confusion- colours  be  selected,  proceed  as  follows : — 
Select,  as  a  test  colour,  a  skein  of  pale  rose.  If  the  person  be 
red-blind,  he  will  choose  blue  and  violet;  if  green-blind,  grey 
and  green. 

(6)  Select  a  bright  red  skein.  The  red -blind  will  select  green 
and  brown ;  the  green-blind  picks  out  reds  or  lighter  brown. 

(c)  Daae  has  issued  a  set  of  coloured  wools,  fixed  in  a  suitable  case,  for 
this  purpose. 

(d)  Ooloured  pencils  can  be  used.  The  investigator  selects  a  certain 
colour  and  makes  a  colout'ed  line  on  the  paper.  The  examinee  has  to 
match  that  colour.  (Hans  Adler,  Wiener  klin,  Wochenschr.,  ^o.  21,  1891, 
and  Gortz,  Miinchener  med.  Wochenschr.,  No.  8,  1897.) 

^  7.  Contrast  and  Simultaneous  Contrast.  —  The  colour  and 
brightness  of  an  object  in  the  field  of  vision  affect  the  colour 
and  brightness  of  other  objects  seen  either  simultaneously  with 
it  or  immediately  after.  The  former  is  simultaneous  and  the 
latter  successive  contrast.  The  colour  causing  the  change  is  the 
inducing  colour,  the  change  effected  is  the  induced  colour.  In 
simultaneous  contrast  the  visual  image  of  any  object  is  modified 
by  those  sensations  received  simultaneously,  more  especially  by 
those  arising  in  adjacent  parts  of  the  retina.  It  passes  into 
"  simultaneous  induction  "  if  vision  of  a  given  object  be  kept  up 
for  some  time.  The  best  effects  are  obtained  when  the  contrast- 
ing objects  are  close  together,  of  nearly  equal  brightness  and 
uniform  texture,  medium  depth  of  colour,  and  not  surrounded 
by  shadows  or  black  lines.  The  "  psychological  theory "  of 
Helmholtz  explains  contrast  as  a  "deception  of  judgment,"  and 
the  "physiological  theory"  of  Hering  as  due  to  physiological 
processes  in  the  peripheral  visual  apparatus — ■i.e.,  every  physio- 
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logical  process  is  correlated  with  a  physical  process  in  the 
nervous  apparatus.  Hering  has  devised  many  experiments  in 
support  of  his  contention.  The  former  theory  represents 
contrast  as  due  to  an  error  of  judgment.  On  the  physio- 
logical theory,  Hering  supposes  that  there  are  material 
chemical  changes  in  a  hypothetical  retino-cerebral  "  vision- 
stuff"  ("  Seh-st'off ").  These  changes  may  be  assimilative  (ana- 
bolic), (black,  blue,  green),  or  dissimilative  (katabolic),  (white, 
yellow,  red).  A  change  in  one  area  may  influence  the  retino- 
cerebral  apparatus  outside  the  area  directly  affected  by  the 
stimulus.  Physiological  processes,  and  not  defects  or  deception 
of  judgment,  are  the  true  cause  of  colour  contrast. 

The  following  are  examples  of  simultaneous  contrast  where 
stimulation  of  the  retino-cerebral  apparatus  modifies  the  sensa- 
tions excited  by  a  different  portion  of  the  retina  when  the 
compared  objects — light  or  colour — are  looked  at  simultaneously. 
Contrast  phenomena  were  carefully  studied  by  Chevreul  in 
relation  to  the  effects  produced  by  colours  juxtaposed  in  tapestry 
in  the  Gobelin's  factory  of  Paris.  Contrast  may  apply  to  size, 
light,  colour,  and  it  may  be  simultaneous  or  successive. 

(a)  Place  a  small  white  square  or  oblong  piece  of  paper  or 
cross  on  a  dull  black  surface.  Stare  steadily  at  the  white 
square,  and  observe  that  the  edges  appear  whiter  than  the  centre; 
indeed,  the  centre  by  contrast  may  appear  greyish.  A  white 
strip  of  paper  placed  between  two  black  strips  looks  whiter  at 
the  margin  near  the  black. 

(6)  Look  with  one  eye  at  the  sky  through  a  i-inch  blackened 
tube,  both  eyes  being  open.  The  field  of  vision  looks  much  brighter 
when  seen  through  the  tube  than  is  the  case  with  the  other  eye. 

(c)  Place  side  by  side  a  white  and  black  surface.  Cut  two 
oblong  (ij"  X  J")  pieces  of  grey,  yellow,  or  other  coloured 
paper  of  exactly  the  same  size,  and  lay  one  piece  of  the  grey  on 
the  white  background  and  the  other  on  the  black.  Observe  how 
much  brighter  the  latter  looks  owing  to  contrast.  Reverse  the 
pieces,  and  notice  that  the  same  result  occurs.  Repeat  with 
other  colours. 

(d)  On  the  rotation  machine  cause  a  disc,  as  in  fig.  428,  to 
rotate  with  moderate  rapidity,  when  several  zones  will  be  seen — 
the  innermost  black,  while  each  one  farther  ouliwards  is  lighter 
in  tint.  Each  zone,  where  it  abuts  against  the  inner  darker 
zone,  is  lighter  than  the  rest  of  the  same  zone,  and  shades  off 
gradually  to  the  outer  part  of  the  zone. 

(e)  Take  two  pieces  of  different  coloured  paper — say  pale  red 
and  pale  green — and  place  them  side  by  side.     Fix  two  similar 
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strips  apart  from  each  other  and  distant  from  the  other  two. 
The  two  slips  juxtaposed  differ  in  colour  from  the  isolated 
pieces.  In  the  juxtaposed  slips  the  colour  of  the  one  influences 
the  colour  of  the  other — i.e.,  each  one  looks  as  if  it  were  mixed 
with  a  certain  amount  of  the  complementary  colour  of  the 
juxtaposed  slip  (Chevreul). 

(/)  Place  on  a.  table  a  sheet  (4"  v  4")  of  red  and  one  of  green  paper. 
Cut  out  of  a  sheet  of  red  paper  two  pieces  about  i  inch  square,  and  place 
them  on  the  two  large  squares.  Observe  that  the  small  red  square  on  the 
green  ground  appears  far  brighter  and  more  saturated  than  the  red  square 
on  the  red  ground. 

(g)  Cut  a  small  hole  (5x5 
mm.)  in  coloured  paper — e.g., 
red — and  look  through  the  hole 
at  a  sheet  of  white  paper  ;  the 
hole  appears  greenish. 

(h)  On  a  mirror  place  a  slip 
of  transparent  coloured  glass — 
e.g.,  red  or  green.  Hold  in 
front  of  the  coloured  glass  a 
narrow  strip  of  white  paper; 
by  adjusting  the  position  of  the 
glass  in  relation  to  the  light 
we  see  two  images  reflected 
from  the  anterior  and  posterior 
surface  of  the  mirror ;  one  has 
the  same  colour  as  the  coloured 
glass,  while  the  other  or  pos- 
terior one  has  the  comple- 
mentary colour ;  if  a  red  glass 
be  used  the  latter  is  green,  if 
a  green  glass  it  is  red.  Hold 
in  front  of  the  red  glass  a  piece 
of  white  paper  with  black  printed  matter  on  it.  The  black  print  is  seen 
green  in  the  posterior  image.  Gum  a  few  narrow  strips  of  white  paper 
(i  mm.  in  diameter)  on  black  paper,  and,  on  holding  it  up  in  front  of  the 
red  glass  as  before,  the  anterior  image  appears  in  the  complementary 
colour  of  the  glass — viz. ,  green. 

(i)  Place  four  lighted  candles  in  a  dark  room  before  a  white  surface,  and 
push  between  the  candles  and  the  screen  towards  the  centre  of  the  series 
an  opaque  screen — e.g.,  cardboard,  with  a  clean-cut  vertical  edge.  A  part 
of  the  white  surface  is  illuminated  by  all  four  candles,  then  a  vertical  area 
illuminated  by  three,  and  so  on,  and  finally  a  part  not  illuminated  by  any 
of  the  candles.  Each  of  these  areas  is  throughout  its  entire  extent  equally 
illuminated,  yet  on  the  side  where  each  area  abuts  against  a  darker  area  it 
appears  lighter,  on  the  other  side  darker,  and  gradually  shaded  between 
its  outer  and  inner  limits.  This  is  due  to  the  fact  that  strong  stimulation 
of  one  part  of  the  retina  diminishes  the  excitability  in  the  other  parts,  and 
the  parts  most  affected  are  those  next  the  excited  area.  Thus  a  change  in 
the  excitability  of  one  part  of  the  retina  is  brought  about  by  stimulation  of 
an  adjacent  part. 

(j)  See  also  Waller,  Joum.  of  Phys.,  xii.,  1891. 


Fig.  42S.— Disc  lor  contrast. 
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8.  H.  Meyer's  experiments  on  simultaneous  contrast. —  Grey 
is  tinged  with  the  complementary  colour,  and  the  tissue  paper 
eliminates  contours  {Poggendorff's  Armcden,  xcv.,  1855). 

(a)  Cut  out  a  small  oblong  of  white,  or  preferably  of  grey, 
paper,  and  put  it  on  a  large  piece  of  bright  green  paper  (4  inches 
square) ;  the  grey  suffers  no  change.  Cover  the  whole  with  a 
thin  semi-transparent  sheet  of  tissue  paper.  The  grey  oblong 
appears  pink. 

(6)  Instead  of  green  paper  place  the  grey  slip  on  red,  and 
cover  it  as  before ;  a  greenish-blue  contrast  colour  is  seen. 

(c)  Repeat  (a),  but  place 
a  red  square  on  a  grey 
ground ;  the  red  square 
will  appear  greenish. 

(d)  A  grey  square  upon 
blue  appears  yellow ;  a 
yellow  upon  blue  appears 
white,  when  covered  with 
tissue  paper.  All  the  above 
are  modifications  of  H. 
Meyer's  experiment.  The 
tissue  paper  is  used,  as 
contrast  colours  are  far 
more  readily  excited  by 
pale  than  by  saturated 
colours,  so  that  differences 
of  sensation  are  much 
greater  with  weak  than 
with  strong  stimulation. 

(e)  Surround  the  small  square  with  a  broad  black  line,  each 
square  appears  in  its  own  colour.  The  effect  of  contrast  is 
destroyed. 

9.  Other  experiments. — (a)  Make  on  one-half  of  a  disc  alter- 
nate rings  of  black  and  green,  leaving  the  other  half  of  the 
disc  white.  Rotate  the  disc.  The  black  and  white,  instead 
of  fusing  to  grey,  give  the  contrast  colour  to  the  green — i.e.,  we 
get  pink  rings  alternating  with  unsaturated  green. 

(6)  Place  side  by  side  two  strips  of  paper,  green  and  red  (6"  x  3"). 
Over  the  line  of  juuotion  place  a  strip  of  grey  paper  (J"  x  6"),  and  cover 
the  whole  with  tissue  paper,  as  before.  The  grey  appears  pink  on  the 
green  side,  and  greenish  on  the  red.  This  contrast  is  also  set  aside  by 
running  a  black  margin  round  the  grey  strip.  Do  the  same  with  yellow 
and  blue. 

(c)  Arrange  a  disc  like  fig.  429  on  the  rotating  wheel.     On  a,  white  disc 


Fig.  429.— Disc  for  simultaneous  contrast. 
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fix  four  narrow  coloured  {e.g.,  green)  sectors,  and  interrupt  each  in  the 
middle,  as  in  the  figure,  with  a  black  and  white  stripe.  On  rotating  the 
disc,  the  ring,  which  one  might  expect  to  be  grey  from  the  black  and 
white,  appears  reddish — i.e.,  the  complementary  colour  of  the  greenish 
ground. 

{d)  Place  a  strip  of  grey  paper  on  a  black  background  and  a  correspond- 
ing strip  on  a  white  ground.  The  former  will  appear  much  lighter,  the 
grey  on  white  much  darker.  Fix  the  eyes  for  a  minute  on  a  point  midway, 
between  the  strips  ;  close  and  cover  the  eyes.  The'  after-images  will  show 
a  great  diflference  in  luminosity. 

(e)  Simultaneous  contrast  for  toneless  colours  (Brightness  or  light  contrast 
as  distinguished  from  colour  contrast). 

Place  a  small  dark  grey  strip  of  paper,  with  a  fixation  mark  at  its  middle, 
on  the  straight  boundary  line  of  a  black-white  card.  The  grey  appears 
lighter  on  the  dark  than  on  the  white  surface. 

Place  a  dark  grey  strip  on  a  black  velvet  ground,  and  quickly  push  a 
white  paper  under  the  grey  strip.  The  grey  appears  darker  suddenly. 
Hering  (loc.  cit.,  p.  23),  regards  this  as 
an  important  evidence  against  Helm- 
holtz's  "  psychological  theory  "  of  simul- 
taneous contrast. 

10  Eagona  Soina's  experiment  (1859). 
— Two  pieces  of  wood  fixed  at  right 
angles  to  each  other  are  covered  by 
white  paper,  while  a,  coloured  sheet  of 
glass  ia  held  at  an  angle  of  45°  between 


Fig.  430.— Kagona  Soina'a  experiment.  Fig.  431.— Hering's  apparatus  for  contrast. 

them  (fig.  430),  or  the  apparatus  of  Hering  (fig.  431)  may  be  used.  Look 
vertically  through  the  glass  at  the  horizontal  white  paper,  and  observe  a 
pale  red  tint.  Attach  a  small  black  square  to  the  centre  of  the  vertical 
.arm  at  B,  the  image  of  this  square  is  seen  at  6  as  a  deep  red  image. 
Place  a  similar  black  square  on  the  horizontal  board  at  C,  it  should 
appear  grey ;  but  a  grey  on  a  red  ground  causes  contrast,  and  so  one 
sees  a  greenish-blue  square  alongside  a  red  one. 

1 1.  Hering's  apparatus  for  simultaneous  contrast. 

(a)  By  means  of  one  or  two  doubly  refractive  prisms  (fig.  432,  P,  P)  a 
double  image  is  obtained  of  narrow  strips  of  coloured  paper  placed  either 
on  a  white  or  a  coloured  background.  If  blue  be  placed  on  yellow,  the 
double  image  is  bluish ;  and  if  yellow  be  placed  on  blue,  the  double  image 
is  yellowish  [Pfliiger's  Archiv,  vol.  xlvii.,  237). 

(6)  The  apparatus  of  Hering  (fig.  433)  is  also  useful  for  simultaneous  con- 
trast.    Coloured  glasses — e.g.,  blue  and  red — are  placed  in  P  and  P',  and 
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light  is  reflected  through  them  by  the  adjustable  white  surfaces,  W,  W. 
On  looking  at  a  narrow  black  strip,  S,  on  a  white  ground,  one  sees  contrast 
phenomena  according  to  the  colours  of  the  glass  used. 

The  white  surface  in  front  of  the  red  glass,  when  looked  at  with  one  eye, 
is  red,  just  as  that  in  front  of  the  blue  glass  is  blue  under  the  same  condi- 
tions. Focus  the  eyes  for  an  object  nearer  than  the  black  strip  on  the 
white  ground.  This  is  done 
by  looking  at  a  bead,  k, 
fixed  on  the  point  of  a  rod 
■  (supplied  with  the  instru- 
ment), the  latter  being 
held  between  the  eyes  and 
the  white  ground.  The 
black  strip  seen  under 
these  conditions  forms  a 
double  image  —  i.e.,  its 
image  is  formed  on  two 
non  -  corresponding  parts 
of  the  retina.  The  two 
images  are  in  strong  con- 
trast, while  the  two  sur- 
rounding areas  scarcely 
contrast  at  all.  (Hering's 
apparatus  is  made  by 
Rothe,  of  Leipzig. ) 

12.  Hering's  experi- 
ments on  simultaneous 
contrast. 

Divide  a  large 
quadrilateral  sheet  of 
paper  vertically  iato 
halves,  and  make  one 
half  deep  black  and 
the  other  white.  Near 
the  centre  of  the  ver- 
tical division  gum  two 
(4  cm.  X  o"S  cm.) 
V  -  shaped  pieces  of 
dark  grey  paper  (one 
on  the  black  and  the 

n+Vior     <->n      tVio      wbitp     Fig.  433.— Hering's  apparatus  for  simultaneous  con- 
Other     on     tne      wnite        ^.^^^^     P,  P^  coloured  glasses ;    TT,  TT',  White 
half)  with   their  apices         reflectors ;  S,  Black  line  on  white  surface. 
I   era.    apart.     The  V 

on  the  black  looks  lighter  by  contrast  than  that  on  the  white. 
Close  and  cover  the  eyes,  and  the  negative  after-image  appears, 
and  as  a  rule  the  difference  in  brightness  of  the  after-image  is 
greater  than  in  direct  vision.  Fix  the  V's  for  a  minute,  and 
then  look  at  a  uniform  surface.     Even  after  the  after-image  of 


ig.  432. — Hering's  apparatus  for  simultaneous  con- 
trast with  binocular  vision  by  two  doubly  refractive 
prisms,  P,  P.    G,  Glass  to  avoid  reflection. 
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the  backgrounds  has  disappeared,  the  after-image  of  the  V  on 
the  black  ground  looks  darker  than  that  of  the  V  on  the  light 
ground.  This,  Hering  contends,  must  be  due  to  a  material 
change  taking  place  in  a  localised  part  of  the  retino-cerebral 
apparatus.  It  seems  difficult  to  explain  this  result  as  dependent 
upon  an  error  of  judgment  due  to  the  influence  of  the  background. 
Hering  regards  this  as  a  fundamental  experiment  in  support  of 
his  theory.  Similar  experiments  may  be  made  with  coloured 
papers.     (Hering,  "Zur  Lehre  vom  Lichtsinne.") 

13.  Successive  light  induction  (Hering,  "Zur  Lehre  vom 
Lichtsinne."    Wien  (1878),  Erster  Versuch,  p.  5). 

(a)  Look  for  one  minute  at  a  small  white  circular  disc  on  a 
black  background — e.g.,  velvet.  Olose  and  cover  the  eyes.  A 
negative  after-image  of  the  disc  appears,  but  it  is  darker  and 
blacker  than  the  visual  area,  and  it  has  a  peculiar  light  area  or 
halo  round  it  ("  Lichthof "),  brightest  close  to  the  disc,  and  fading 
away  from  it. 

(6)  Look  at  a  black  strip  (4  mm.  broad)  on  a  white  ground. 
On  closing  the  eyes  there  is  no  partial  darkening  of  the  white 
ground,  but  only  an  intensely  bright  image  of  the  strip.  There- 
fore the  light  area  or  halo  of  (a)  was  not  due  to  simultaneous 
marginal  contrast  (Hering,  loc.  ait.,  pp.  11  and  12). 

(c)  Look  with  both  eyes  at  two  small  white  square  patches  of 
paper  placed  one-eighth  of  an  inch  apart  on  a  black  background, 
using  a  small  fixation  point.  On  closing  the  eyes,  the  black 
space  between  them  looks  brighter  than  the  other  three  sides  of 
the  squares — i.e.,  the  two  adjacent  halos  coincide  in  the  narrow 
space,  and  yield  a  much  brighter  after-image. 

[For  some  important  criticisms  of  Bering's  ^dews  and  many  new  experi- 
ments, see  W.  M'Dougall,  "  Some  new  observations  in  support  of  Thomas 
Young's  theory  of  light  and  colour-vision,"  Mind,  vol.  x.,  N.S.,  1901.] 

14.  Simultaneous  contrast  a  physiological  effect. — On  a  disc  two  con- 
centric rings  are  drawn  ;  each  is  half  blue  and  half  black.  In  one  ring  {e.g. , 
the  outer)  its  blue  half  is  surrounded  by  black,  increasing  the  brightness  by 
simultaneous  contrast.  The  black  half  of  the  same  ring  and  the  blue  half 
of  the  other  are  conversely  surrounded  by  bright  yellow,  which  by  contrast 
diminishes  their  luminosity.  On  rotation  (on  the  colour  top)  the  outer 
ring  shows  highly-marked  flicher  when  complete  fusion  has  taken  place  in 
the  inner  ring.  The  rate  at  which  successive  stimuli  must  follow  one 
another  in  order  to  fuse  into  a  continuous  sensation  varies  with  the 
difference  of  brightness  between  the  stimuli.  But  when  the  disc  rotates 
perception  of  the  difference  of  the  background  on  which  the  rings  lie  is 
impossible.  Yet  the  speed  of  fusion  of  the  factors  of  the  rings  is  influ- 
enced. The  illusion  of  the  contrast  cannot  therefore  depend  upon  judgment 
of  the  difference  between  ring  and  background.     Two  colour  equations,  in 
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each  of  which  the  physical  stimuli  are  exactly  the  same,  behave  markedly 
differently  to  the  eye  owing  to  a  contrast  from  which  the  elements  neces- 
sary for  judgment  are  eliminated  {Sherrington). 

15.  Successive  contrast  can  be  strikingly  seen  in  a  very  simple  manner  by 
a  black  and  white  disc.  A  disc  is  prepared  as  in  fig.  434.  When  the  disc 
spins  in  the  direction  of  clock  hands,  flicker  in  the  middle  ring  band  of  the 
three  persists  at  a  higher  angular  speed  of  rotation  than  is  necessary  for 
extinction  of  flicker  in  the  other  two  ring  bands.  When  direction  of  spin 
is  reversed,  flicker  persists  longest  in  the  outermost  and  innermost  ring 
bands,  disappearing  at  lower  speeds  in  the  middle  one.  The  flicker  ia 
dependent  on  the  difference  of  intensity  of  the  white  and  black  stimuli, 
and  this  depends  for  white  on  whether  the  moat  intense  white — i.e.,  that 
imbedded  in  black  succeeds  a  period  of  exposure  of  the  black  or  of  the 
white  sector  of  the  disc. 

(JO 

Fig.  434. — Disc  for  successive  contrast  Fig.  435. — Disc  for  successive  contrast 

(Sherrington).  (Sherrington). 

In  the  above  instance  the  successive  contrast  was  studied  as  influencing 
the  rate  of  fusion  of  intermittent  stimuli.  Ita  effect  on  tint  can  also  be 
studied  aa  follows  ; — A  black  and  white  disc  is  arranged  as  in  fig.  435.  On 
rotating  the  disc  in  the  direction  of  clock  hands  the  inner  of  the  ring 
bands — that  corresponding  in  the  figure  with  the  pair  of  smaller  black  and 
white  circles — is  lighter  grey  than  the  rest  of  the  disc,  and  the  outer  of 
the  ring  bands  is  darker  than  the  rest  of  the  disc.  Rotation  in  the  oppo- 
site sense  makes  the  outer  ring- band  lighter  grey  than  the  inner.  The 
effect  of  the  round  white  spot  predominates  or  not  over  that  of  the  round 
black  spot  according  as  the  stimulation  by  the  spot  succeeds  a  longer  or 
shorter  exposure  of  the  black  sector  (Sherrington,  Journal  of  Physiology, 
"  Simultaneous  contrast  and  flicker,"  xx.,  1896,  and  "Reciprocal  action  of 
retina,"  xxi.,  33,  1897). 

16.  Coloured  shadows. 

(as)  Place  an  opaque  vertical  rod  ( i  inch  in  diam. )  in  front  of  a  white 
background.  Admit  not  too  bright  daylight  to  oast  a  shadow  of  the  rod. 
Place  a  lighted  candle  behind  one  side  of  the  rod,  the  shadow  caused  by 
the  yellow-red  light  of  a  candle,  and  illuminated  by  the  daylight,  appears 
blue — I.e.,  a  purely  subjective  blue,  the  complementary  colour  of  the 
yellow-red  light  of  the  candle,  which  oasts  a  yellow  light.     The  effect  is 
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more  pronounced  the  darker  both  shadows  are.  To  show  that  the  blue  is 
purely  subjective,  roll  up  a  sheet  of  black  paper — black  surface  innermost 
— in  the  form  of  a  tube  about  J  inch  or  less  in  diameter.  At  a  distance  of 
1 8  inches  look  at  the  centre  of  the  blue  shadow,  and  let  an  observer  out 
I  oflfthe  light  from  the  candle  by  means  of  an  opaque  screen.  On  removing 
the  screen  no  change  is  visible,  but  if  the  tube  be  directed  to  the  line  of 
junction  of  the  blue  shadow,  with  the  illuminated  background  just  beyond 
it,  the  blue  appears. 

(b)  Hering's  ■window  experiment  for  contrast-effects. —In  a  window 
shutter  of  a  dark  room  cut  two  square  holes  (lo  cm.)  on  the  same  hori- 
zontal plane,  and  2  feet  apart.  In  one  fix  a  piece  of  clear  glass  to  admit 
ordinary  white  light,  and  into  the  other  fit  a  red  or  green  coloured  glass. 
Both  openings  must  be  provided  with  a  movable  shutter  to  regulate  the 
amount  of  light  admitted.  At  3  to  4  feet  distance  place  a  rod  or  flat  piece 
of  wood  vertically  against  a  white  surface.  Observe  two  shadows.  Suppose 
the  glass  to  be  red,  then  the  shadow  due  to  the  ordinary  light  is  red,  that 
of  the  red  glass  is  greenish.  Substitute  for  the  red  light  that  of  a  lighted 
candle.     The  shadow  then  appears  blue. 

17.  Choroidal  iUumlnation. 

(a)  In  a  dark  room  light  an  ordinary  lamp  or  fan-tailed  gas-burner. 
Place  the  source  of  light  at  the  right  side,  about  2  feet  from  an  open  book 
or  sheet  of  paper.  Partly  separate  the  fingers  of  the  left  hand  and  place 
them  over  the  face,  so  that  different  portions  of  the  paper  are  seen  by  each 
eye.  That  half  of  the  page  seen  with  the  right  eye  has  a  greenish  tint, 
the  other  part  seen  with  the  left  eye  is  red  or  pinhiah.  Change  the  source 
of  light  to  the  left  side,  the  colours  are  reversed. 

(6)  With  the  conditions  as  in  (a),  hold  a  piece  of  paper  (3  to  4  cm.  wide), 
or  a  visiting-card,  between  the  eyes  with  its  flat  surface  towards  the  face, 
Ijhe  same  phenomena  are  seen. 

(c)  Cut  in  a  piece  of  black  cardboard  two  rectangular  holes  (4x10  mm. ), 
separated  by  a  distance  about  equal  to  that  between  the  pupils,  with  the 
conditions  as  in  (a).  Hold  the  cardboard  about  10  inches  or  more  from 
you,  and  look  through  the  holes  at  a  white  surface ;  four  images  of  the 
two  holes  will  be  seen  ;  the  inner  right  and  outer  left  images  are  impres- 
sions from  the  right  eye  ;  the  inner  left  and  outer  right  from  the  left  eye. 
This  is  easily  proved  by  closing  either  eye,  when  the  images  belonging,to 
that  eye  disappear.  If  the  source  of  light  be  on  the  right  side,  the  former 
pair  of  images  is  greenish  in  colour,  the  latter  is  pale  pink.  Change  the 
light  to  the  left  side  and  the  colours  are  reversed  (H.  Sewall).  The  colour- 
phenomena  occur  without  the  aid  of  objective  colour,  and  are  due  to  light 
passing  through  the  sclerotic  and  choroid  coats. 

18.  Binocular  contrast. 

Place  a  white  strip  of  paper  on  a  black  surface,  look  at  the  white  paper 
and  squint  so  as  to  get  a  double  image.  In  front  of  the  right  eye  hold  a 
blue  glass,  and  in  front  of  the  left  one  a  grey  (smoked)  glass.  The  image 
of  the  right  eye  will  be  blue,  that  of  the  left  yellow.  Instead  of  the  grey 
glass,  a  card  with  a  small  hole  in  it  placed  in  front  of  the  left  eye  does 
perfectly  well.     The  yellow  of  the  left  eye  is  a  contrast  sensation. 

19.  Benham's  spectrum  top  (Fechner'a  colours). 

(a)  A  cardboard  circular  disc,  about  4  inches  in  diameter,  is  made 
with  one  half  black  and  the  other  half  white.  On  the  white  are  a  number 
of  arcs  of  concentric  circles  of  different  radius.  On  rotating  this  disc, 
coloured  lines  are  seen  whose  order  is  reversed  when  the  disc  is  made  to 
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rotate  in  an  opposite  direction.  The  experiment  is  best  performed  by 
artificial  light.     {N'ature,U.,  1894-5.) 

(b)  ModMcatlon  by  Hurst. 

On  a  circular  disc,  4  or  5  inches  in  diameter,  half  white  and  half  black, 
draw  in  black  on  the  white  half  and  in  white  on  the  black  half  arcs  of 
various  lengths  and  thicknesses,  as,  for  instance,  the  arcs  shown  in  fig. 
436.  Mount  the  disc  on  a  peg  and  spin  it.  The  arcs  appear  as  circles  of 
various  colours,  the  colour  of  each  depending  on  its  position  and  length,  on 
the  velocity  of  rotation,  and  on  the  kind  and  intensity  of  illumination. 
The  two  outermost  lines  on  the  disc  figured  when  the  disc  is  turned  to  the 
left  and  seen  in  very  bright  lamp-light  appear  purple-grey,  becoming,  as 
the  rotation  becomes  slower,  brighter  and  redder,  and  then  in  succession 
bright  crimson,  scarlet,  and  orange- vermilion.  By  very  bright  direct  sun- 
light the  earlier  shades  are.  brighter  than  the  later  ones,  the  colour  being 
at  first  usually  a  very  pale  blue.  When  the  disc  is  turned  to  the  right, 
the  colours  are  in  succession  dark  green,  indigo  fringed  with  pale  blue, 
black,  by  lamplight ;  while  by  bright  sunlight  the  colour  is  first  dull  red, 
then  brown,  and  finally  dark  blue.  They  appear,  however,  very  different 
to  difierent  observers. 


Fig.  436. — Modifications  of  discs  for  Senham's  spectrum  top  (Rurst). 

The  colours  of  the  white  lines  are  almost  entirely  yellow,  orange-pink, 
puce,  and  "  electric  blue." 

If,  instead  of  arcs  of  circles,  a  Bpiral-Une  is  drawn  as  in  fig.  436,  the  disc 
exhibits,  when  spun  at  a  suitable  speed,  a  broa^  band  of  colour  consisting 
of  a  complete  series  of  all  the  colours  of  the  spectrum  in  their  normal  order, 
red  being  on  the  outer  and  violet  on  the  inner  side  of  the  band  when  the 
disc  is  turned  to  the  left,  and  in  the  reverse  order  when  it  is  turned  to  the 
right.  The  purity  of  the  colours  seen  depends  very  greatly  on  the  light 
used.  With  bright  daylight  no  trace  of  a  spectrum  is  seen,  but  a  series  of 
colours  ranging  from  purple  through  brown  to  green,  or  other  series  accord- 
ing to  intensity  of  light  and  velocity  of  rotation.  Even  under  the  best 
conditions — namely,  bright  lamp-light,  slow  rotation,  and  the  eyes  too 
fatigued  to  follow  the  line  round  or  sufficiently  practised  to  remain  motion- 
less— the  colours  are  not  all  brightest  at  the  same  moment.    The  violet  has 
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merged  into  black  before  the  rotation  has  become  alow  enough  to  give  the 
brightest  red  and  orange. 

Beyond  the  limits  of  the  speotrum-ooloured  band  are  two  fringes,  a 
purple  or  violet  one  beyond  the  red,  and  luminous  pale  blue  on  the  violet 
side.  These  fringes,  as  well  as  the  spectral  band,  change  somewhat  in 
colour  as  the  speed  of  rotation  changes. 

The  spiral  is  most  easily  drawn  with  a  brush  full  of  black  paint  by 
drawing  it  lightly  across  a  rotating  white  disc  while  the  disc  is  spinning. 
A  suitable  portion  of  the  curve  is  chosen  and  the  other  half  of  the  disc  is 
blacked.     Dull  black  paint,  such  as  water-colour  "lamp-black,"  is  best. 

A  very  different  colour-band  is  produced  by  a,  similarly  shaped  spiral 
curve  of  white  drawn  on  the  black  half  of  the  disc.  The  colours  are 
"electric"  blue,  pink,  yellow,  the  blue  being  outermost  when  the  disc  is 
spun  to  the  left.  Spirals  of  various  ' '  pitches  "  may  be  used,  the  line  itself 
being  not  more  than  one-fifth  of  the  breadth  of  the  space  between  two  suo- 
oeaaive  turns  of  the  spiiaX.— [Communicated  by  0.  Herbert  Hurst,  Ph.D.) 

The  appearances  presented  when  the  tops  are  viewed  in  monochromatic 
light  are  quite  as  surprising  as  those  described  above  (see  Abney,  Nature, 
vol.  li.,  p.  292,  1895). 

20.  Anaglyph. — For  stereoscopic  vision  the  pictures  need  not  be  com- 
pletely separate,  if  they  be  so  arranged  that  each  eye  gets  its  own  figure 
only.     TMs  is  done  in  the  following  way  : — 

The  pictures  of  one  object  are  printed  on  one  card  in  different  colours, 
say  pale  red  and  blue.  The  two  pictures  are  slightly  displaced  relative  to 
each  other.  On  looking  at  the  picture  through  a  blue  and  red  glass — i.e., 
a  blue  glass  in  front  of  one  eye,  and  a  red  one  in  front  of  the  other — one 
sees  a  nearly  colourless  object,  but  the  whole  is  stereoscopic. 

21.  Flicker. — Interleave  two  Maxwell's  discs,  one  white  and 
one  black,  so  as  to  make  a  disc  half  white  and  half  black.  Rotate 
it  on  a  whirling  wheel,  at  first  slowly,  both  sectors  will  be  seen ; 
increase  the  speed,  more  sectors  will  be  seen,  and  then  a  marked 
flickering  sensation  will  be  felt — "  coarse  flicker,"  which  gradu- 
ally passes  into  a  "fine  flicker" — and  when  the  speed  is  suffi- 
ciently great,  the  whole  is  fused  into  one  continuous  sensation 
of  grey.  If  the  experiment  be  done  in  diminished  light,  flicker 
appears  with  a  lower  rate  of  revolution ;  if  in  brighter  light,  a 
higher  speed  is  required.  Or  use  a  black-white  disc,  in  which 
the  sectors  are  complete  from  centre  to  circumference.  On 
rotating  at  a  certain  speed,  one  may  find  flicker  is  absent  from 
the  centre,  but  present  at  the  periphery.  Avoid  too  bright 
illumination. 

(as)  Miinsterberg-Jastrow  phenomenon.  — Rotate  a  black- white  disc  to  give 
a  uniform  grey.  Move  a  thin  rod  rapidly  in  front  of  it.  A  number  of 
shadowy  images  appear  on  the  disc — largest  where  there  are  more  white 
and  black  sectors. 

(6)  Repeat  with  disc  of  two  colours.  The  images  have  the  same  colour 
as  those  on  the  disc. 
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LESSON   LXXVIII. 

STEREOSCOPE— HAPLOSCOPE— OPHTHALMOSCOPE 
— INTRAOCULAR  PRESSURE— OPHTHALMOTO- 
NOMETER—KUHNE'S    ARTIFICIAL   EYE. 

1.  Stereoscope  [anpiog,  solid;  SKO'TrsTv,  to  view). — Sir  Charles 
Wheatstone's  (1802-1875)  reflecting  stereoscope  (1838-1849)  is 
the  earliest  form.  The  form  now  used  is  the  refracting  prism 
stereoscope  of  Sir  D.  Brewster  (1781-1868).  Excellent  forms  of 
cheap  hand  stereoscopes  are  now  in  the  market.  The  best  set  of 
stereoscopic  slides  for  Brewster's  stereoscope  is  the  set  of  36 
issued  by  J.  Martius-Matzdorff  with  a  pamphlet,  "  Die  interessan- 
testen  Erscheinungen  der  Stereoskopie,"  with  Text,  2nd  Ed. 
(1889),  Berlin ;  and  for  lustre,  "  Zwolf  Darstellungen  des  stereo- 
skopischen  G-lanzes  an  Krystallformen."  It  does  not  take  one 
long  to  "combine"  binocular  stereoscopic  diagrams  with  free 
eyes  and  without  the  aid  of  a  stereoscope. 

(a)  Examine  a  series  of  stereoscopic  slides  to  show  the  com- 
bination of  the  images  obtained  by  the  right  and  left  eyes 
respectively. 

Retinal  rivalry. — When  the  two  retina  are  stimulated  simul- 
taneously by  strong  light  of  different  colours  or  dissimilar 
objects — i.e.,  where  the  two  fields  cannot  be  combined  to  give  a 
single  representation,  or  rather  interpretation — there  occurs  a 
certain  instability  and  alternation  of  the  two  fields.  The  rivalry 
is  easily  seen  by  looking  at  the  skin  through  red  glass  placed 
close  to  one  eye,  and  blue  before  the  other. 

(a)  Place  in  a  stereoscope  a  slide  of  glass  with  vertical  lines  ruled  on  one 
half  of  it  and  horizontal  lines  on  the  other  half.  Look  at  the  two  dis- 
similar images  ;  note  that  they  are  not  combined,  but  sometimes  one  sees  it 
may  be  only  the  horizontal,  at  another  only  the  vertical,  lines.  It  may  be 
done  also  with  coloured  slides.  ^ 

(6)  In  the  stereoscope  place  on  one  side  some  print,  and  in  the  other 
heavy  horizontal  lines.     The  print  usually  prevails. 

(c)  Postage-stamp  experiment  (Stirling). — Make  a  stereoscopic  card  by  fix- 
ing to  a  stereoscopic  card  a  green  halfpenny  stamp  and  the  reddish  half- 
penny stamp  that  ceased  to  be  issued  a  few  months  ago.  This  combina- 
tion gives  a  black. 
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{d)  Lustre.— Use  a  stereoscopic  slide,  preferably  a  geometrical  pattern— 
e.g.,  a  crystal  where  the  boundary-lines  are  white  and  the  surfaces  black. 
Besides  rivalry  such  a  slide  shows  a  peculiar  polish,  glance,  sheen,  or 
lustre. 

2.  Lustre  in  coloured  objects. 

This  may  be  shown  by  looking  at  a  green  patch  (electric  green)  on  a  red 
ground  through  coloured  glass — e.g.,  a  blue  glass  before  one  eye  and  a  red 
one  before  the  other  eye.     Other  combinations  may  be  made. 

3.  Stereoscopy  dependent  on  differences  of  colour. 

(a)  Difference  of  colour  may  be  the  cause  of  an  apparent  difference  in 
distance.  If  one  looks  from  a  distance  of  3  metres  at  red  and  blue  letters 
(8  X  4  cm.)  on  a  black  background,  to  most  observers  the  red  appears 
nearer  than  the  blue.  It  is  usual  to  explain  this  by  difference  of  accommo- 
dation, more  effort  being  required  to  focus  for  the  red  letters  than  for  the 
blue ;  and  hence  the  red  is  regarded  as  nearer.  This  is  not  a  sufficient 
explanation,  as  many  see  the  blue  nearer  than  the  red.  The  apparent 
difference  disappears  on  closure  of  one  eye,  but  on  opening  the  other  eye 
the  difference  of  distance  asserts  itself.  Is  this  due  to  stereoscopy? 
Einthoven  supposes  that  it  is.  (Einthoven,  "  On  the  Production  of  Shadow 
and  Perspective  Effects  by  Difference  of  Colour,"  Brain,  1893,  p.  191.) 

(6)  Brucke  showed  that  the  retinal  images  of  differently  coloured  points 
are  shifted  with  respect  to  one  another.  Fix  on  a  black  background  a 
narrow  vertical  strip  of  paper,  the  upper  and  lower  thirds  being  red  and 
the  middle  third  blue.  On  looking  at  the  strip  with  one  eye,  the  blue  part 
deviates  to  one  side  and  the  red  to  the  other  side.  "  By  covering  either  eye 
alternately  a  deviation  of  the  red  and  blue  parts  in  opposite  directions  will 
be  observed ;  and  on  both  eyes  being  used,  the  notion  of  a  difference  in 
distance  is  proved  by  the  combination  of  the  two  images  in  such  a  way  that 
the  parts  that  deviate  to  the  nasal  side  constitute  the  nearer  image,  the 
parts  that  deviate  to  the  temporal  side  the  further  image."  Einthoven 
finds  that  the  stereoscopic  effect  is  more  marked  with  the  coloured  letters. 

(c)  The  relative  removal  of  the  differently  coloured  images  is  due  to  the 
eccentricity  of  the  pupil.  The  pupils  may  be  made  highly  eccentric  by 
covering  tidem  partially.  With  a  nasal  eccentric  pupil — i.e.,  covered  on 
the  tempera;!  side — a  shifting  of  the  differently  coloured  images  in  one 
direction  will  be  observed;  with  a  temporal  eccentric  pupil — i.e.,  nasal 
side  covered — the  shifting  will  be  in  the  other  direction. 

Let  any  one  who  sees  the  red  letters  before  the  blue  "  cover  his  pupils 
symmetrically  on  the  temporal  side,  the  red  letters  retreat  and  soon  appear 
to  be  behind  the  blue.  On  covering  the  pupils  symmetrically  on  the  nasal 
side,  the  red  letters  come  forward  more  and  more." 

The  bearing  of  these  experiments  is  fully  discussed  by  Einthoven  in  the 
paper  already  referred  to. 

4.  Wheatstone's  mirror  stereoscope. — Place  in  the  instrument  the 
geometrical  pictures  marked  R  and  L,  and  arrange  to  get  a  single  solid 
stereoscopic  picture.  Reverse  the  L  and  R  picture,  and  observe  the 
"inverted  stereoscopic  picture." 

Replace  the  pictures  R  and  L  and  obtain  a  stereoscopic  picture,  as  in  (a). 
Slowly  and  equally  draw  them  forwards,  the  stereoscopic  figure  gradually 
becomes  less,  until  the  single  picture  merges  into  two  separate  binocular 
flat  pioturcB.  Reverse  the  movement,  pull  them  gradually  and  equally 
towards  you,  the  picture  becomes  larger. 

This  experiment  shows  the  effect  of  convergence  of  the  eyeball  on  the 
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perception  of  distance,  and  of  distance  and  visual  angle  on  the  size  of  the 

Tisual  impression. 

.    Fseudoscope  {\l/ev6nt,  false)  of  Wheatstone  (1852)  and  that  of  J.  R. 

Ewald. 

5.  Tropostereoscope  of  Ludwig  (fig.  437),  made  by  Petzold  (Stereo- 
seopy  with  moving  figures). — It  consists  of  two  metallic  tubes  (20  x  3  cm.) 
blackened  within,  attached  to  a  handle  and  geared  near  the  handle  end. 
Coloured  glass  discs  with  incised  diagrams  are  adjusted  in  the  tubes  at 
this  end,  while  the  opposite  or  open  ends  of  the  tubes  are  so  arranged  that 
they  can  be  adjusted  to  the  eyes  of  the  observer.  If  red-coloured  discs  be 
adjusted  to  give  a  stereoscopic  effect  showing  the  apex  of  a  truncated  cone 
at  one  time  towards  and  at  another  away  from  the  observer,  one  can,  by 
rotating  the  geared  wheels,  see  the  apex  gradually  approach  or  recede. 
The  glass  discs  must  be  adjusted  as  they  would  be  in  a  stereoscopic 
picture. 


Fig.  437.— Tropostereoscope  of 
Ludwig,  as  made  by  Fetzold. 


Fig.  438.— To  illustrate  haploscopic  vision. 


6.  Haploscope  (airXoos,  single). 

Place  the  eyeballs  in  the  primary  position — i.e.,  look  straight 
ahead  at  a  hypothetical  object  on  a  level  with  the  eyes,  but 
placed  at  the  horizon.  The  visual  axes  are  parallel,  and  we 
have  two  distinct  and  separate  fields  of  vision.  On  looking 
through  two  parallel  tubes,  placed  one  in  front  of  each  eye,  one 
obtains  two  different  retinal  pictures.  Nevertheless,  single 
vision  is  the  result,  and  the  two  different  pictures  are  combined 
to  give  an  illusory  sensation  of  one  object.  One  gets  approxi- 
mately haploscopic  vision  with  a  stereoscope. 

Haploscopic  vision  may  be  illustrated  by  vertical  lines,  parts 
of  circles  (Hering,  Hermann's  Handbuch  d.  Physiologie,  iii.,  p. 
355),  or  by  the  familiar  bird  and  cage  experiment  (fig.  43^). 
Hold  the  figure  close  to  the  eyes,  separate  the  two  fields  of 
vision  by  a  card  held  vertically  in  the  mesial  plane  between  the 
eyes,  and  look  beyond  the  picture — i.e.,  allow  the  eyeballs 
gradually  to  diverge  from  the  point  of  convergence.  On  doing 
so,  as  the  visual  axes  become  less  convergent,  one  has  on  the 
right  visual  field  a  bird,  on  the  left  a  cage — the  bird  appears  to 
move  into  the  cage,  and  in  consciousness  we  have  the  illusion  as 
if  the  bird  were  in  the  cage. 
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7.  Ophthalmoscope. — Two  methods  are  employed,  and  the 
student  must  familiarise  himself  with  both  by  examining  the 
eye  of  another  person,  or  that  of  a  rabbit,  or  an  artificial  eye. 
A  convenient  form  of  this  instrument  is  shown  in  fig.  439. 

(i)  Direct — giving  an  upright  image. 
(2)  Indirect — giving  an  inverted  image. 

A.  Human  eye. — (i)  Direct  method. 

(as)  About  twenty  minutes  before  the  examination  is  com- 
menced, instil  a  drop  of  solution  of  sulphate  of  atropine  (2  grains 
to  the  ounce  of  water)  into,  say,  the  right  eye  of  a  person  with 

normal  vision.  The  pupil  is  dilated, 
and  accommodation  for  near  objects 
is  paralysed  owing  to  the  paralysis 
of  the  ciliary  muscle.  The  patient 
is  seated  in  a  darkened  room,  and 
the  observer  seats  himself  in  front 
of  him  and  on  a  slightly  higher 
level.  Place  a  brilliant  light,  ob- 
scured everywhere  except  in  front, 
on  a  level  with  the  left  eye  of  the 
patient. 

(6)  The  observer  takes  the  oph- 
thalmoscope mirror  in  his  right 
hand,  resting  its  upper  edge  upon 
his  eyebrow,  holds  it  in  front  of 
his  own  eye,  looking  through  the 
central  hole  in  it,  and  directs  a  beam 
of  light  into  the  observed  eye,  when 
a  red  glare — the  reflex — is  observed. 
The  patient  is  told  to  look  upwards 
and  inwards,  which  is  conveniently  accomplished  by  telling  him 
to  look  to  the  little  finger  of  the  operator's  right  hand.  The 
operator  then  moves  the  mirror,  with  his  eye  still  behind  it,  and 
looks  through  the  hole  until  the  mirror  is  within  two  to  three 
inches  from  the  observed  eye,  taking  care  all  the  time  that  the 
beam  of  light  is  kept  steadily  thrown  into  the  eye.  If  the  eyes 
of  the  observer  and  patient  be  normal,  the  observer  has  simply 
to  relax  his  accommodation — i.e.,  look,  as  it  were,  at  a  distant 
object — when  the  retina  comes  into  view  as  an  erect  or  upright 
object. 

(c)  Observe  the  retinal  blood-vessels  running  in  different  direc- 
tions on  a  red  ground.     Move  the  mirror  about  to  find  the  optic 


Fig.  439.— Ophthalmoscope  of  Walker 
Hall,  made  by  Armstrong  ib  Brother, 
Manchester. 
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disc,  with  the  central  artery  emerging  from  it.     Trace  the  course 
of  tha  veins  accompanying  the  arteries  across  the  disc. 

(2)  Indirect  method,  giving  an  inverted  image. 

(a)  The  patient,  the  light,  and  the  observer  are  as  before. 
The  observer  places  himself  about  20  to  18  inches  from  the 
patient,  and,  holding  the  mirror  in  his  right  hand,  by  means  of 
it  throws  a  beam  of  light  into  the  eye  of  the  patient.  When  the 
eye  is  illuminated,  he  takes  a  small  biconvex  lens  of  2  to  3 
inches  focus  in  his  unemployed  hand — the  left  in  this  case — 
holding  it  between  his  thumb  and  index-finger,  placing  it  verti- 
cally 2  or  3  inches  from  the  observed  eye.  To  ensure  that  the 
lens  is  held  steadily,  rest  the  little  finger  upon  the  temple  or 
forehead  of  the  patient.  Keep  the  lens  steady,  and  move  the 
mirror  until  the  optic  disc  is  seen,  with  the  details  already 
described. 

In  the  direct  method  only  a  small  part  of  the  retina  is  seen  at 
one  time,  but  it  is  considerably  magnified ;  while  by  the  indirect 
method,  although  more  of  the  retina  is  seen  at  once,  it  is  magni- 
fied only  slightly. 

If  the  observed  or  observer's  eye  is  abnormal,  suitable  glasses 
to  be  fixed  behind  the  mirror  are  supplied  with  every  ophthal- 
moscope. In  some  forms  of 
ophthalmoscope,  such  as  that  of 
Gowers  and  others,  these  lenses 
(convex  -1- ,  and  concave  —  )  are 
fixed  to  a  rotating  disc  behind 
the  mirror.  As  the  disc  is 
rotated,  lens  after  lens  can  be 
brought  to  lie  exactly  behind 
the  hole  in  the  mirror,  and 
thus  correct  any  anomaly  of  re- 
traction, pjg  ^^o,_carriage  for  rabbit. 

8.  Eye  in  living  rabbit. 

Instil  atropine  as  before,  or  use  an  atropinised  gelatine  disc  to 
efiect  the  same  result.  Place  the  rabbit  in  a  suitable  cage  to 
keep  it  from  moving.  A  suitable  one  was  devised  by  Michel ; 
use  it  (fig.  440).  Examine  the  eye  by  the  direct  and  indirect 
methods.  N.B. — If  an  albino  rabbit  be  used,  the  observer  sees 
the  large  choroidal  vessels. 

9.  Perrin's  artifloial  eye  {Lancet,  1871). 

Use  this  until  a  clear  image  of  the  fundus  is  obtained  by  both  methods. 
In  fact,  it  is  well  for  the  student  to  begin  with  this.     In  this  model;  eye- 

36 


562 


PRACTICAL   PHYSIOLOGY. 


[lxxviii. 


capa  to  fit  on  to  the  eye  are  supplied,  so  as  to  render  the  eye-model  either 
myopic  or  hypermetropic.  Afterwards  test  these,  and  use  the  necessary 
lenses  behind  the  mirror  to  correct  these  errors  in  the  shape  of  the  eyeball, 
(a)  Professor  Griitzner  uses  a  little  apparatus  filled  with  normal  saline 
and  provided  with  a  flat  piece  of  glass  to  fit  inside  the  eyelids.  By  this 
means  one  eliminates  the  effect  of  curvature  of  the  cornea,  and  one  can 
look  directly  to  the  fundus.     It  practically  amounts  to  an  orthoscope. 

10.  Kuhne's  method.— If  an  artificial  eye  is  not  at  hand,  a 
very  suitable  arrangement  is  that  devised  by  Kiihne.  Paint  a 
disc,  to  resemble  the  normal  fundus  when  it  is  seen  with  the 
ophthalmoscope.  Remove  the  eye-piece — long  one — from  an 
ordinary  microscope.  Screw  out  the  lower  lens  of  the  eye-piece, 
fix  in  the  painted  disc,  and  block  up  the  lower  aperture  with  a 
piece  of  cork.  Fix  the  eye-piece  in  a  suitable  holder,  and  use  it 
instead  of  an  eye  to  be  examined. 

(a)  .A  pill-box  blackened  inside,  with  a  hole  cut  in  the  lid, 
does  perfectly  well. 


Fig.  441.— Demonstrating  ophthalmoscope,  made  by  Pickard  &  Curry.    Cost,  £3  los. 

11.  Demonstrating  ophthalmoscope  (Priestley  Smith). 

The  general  arrangement  of  this  instrument  is  shown  in  fig.  441.  At  one 
end  of  the  horizontal  bar  is  a  chin  support  for  the  patient ;  at  the  other  a 
perforated  glass  mirror,  capable  of  steady  adjustment  to  any  position. 
The  transverse  arm  near  to  the  mirror  carries  a  candle,  provided  with  a 
light  metal  screen  on  either  side  of  it ;  one  of  these  hides  the  candle  from 
the  patient,  the  other  hides'it  from  the  observer,  and  enables  him  at  any 
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moment  to  out  off  the  light  from  the  mirror,  and  thus  to  protect  the 
patient's  eye  from  unnecessary  illumination  without  disturbing  the  adjust- 
ment of  the  instrument.  A  wire  placed  in  the  piUar  of  the  mirror,  and 
movable  to  either  side,  carries  a  piece  of  white  paper,  which  serves  as  a 
fixation  point  for  the  patient's  eye.  At  the  middle  point  of  the  horizontal 
bar  is  a  jointed,  support  carrying  a  light  rod,  one  end  of  which  is  held  in 
the  hand  of  the  observer,  while  the  other  holds  the  lens.  By  means  of 
this  rod  the  observer  can  place  the  lens  in  any  desired  position  in  relation 
to  the  patient's  eye. 

(1)  Arrange  the  instrument  as  in  fig.  441. 

(2)  Adjust  the  patient's  seat  so  as  to  bring  his  chin  comfortably  on  the 
support ;  let  him  rest  his  arms  upon  the  table. 

(3)  Place  the  rod  quite  horizontal,  and  then  raise  or  lower  the  central 
support  until  the  centre  of  the  lens  is  on  a  level  with  the  patient's  pupil. 

(4)  Push  the  lens  to  one  side  and  adjust  the  mirror  so  as  to  throw  the 
light  upon  the  patient's  eye,  telling  him  to  look,  not  at  the  mirror,  but  at 
the  paper  placed  upon  the  wire.  The  paper  must  be  on  the  opposite  side 
to  the  eye. 

(5)  Take  the  rod  in  one  hand  and  adjust  the  position  of  the  lens  so  as  to 
bring  the  optic  disc  into  view. 

(6)  In  changing  places  with  another  observer,  cut  off  the  light  from  the 
mirror  by  means  of  the  candle-screen. 

12.  Intraocular  Pressure — Fick's  Ophthalmotonometer. 

This  instrument  is  extensively  used  in  German  eye-hospitals,  and  consists 
of  a  small  brass  plate  (6  mm.  diameter),  which  is  attached  by  means  of  a 
metallic  spring  to  a  base,  which  also  carries  a  scale  which  indicates  the 
amount  of  pressure  applied.  One  presses  the  disc  of  the  instrument  against 
the  eyeball  until  it  flattens  the  part  to  which  it  is  applied,  when  the 
pressure  is  read  off  in  grammes.  The  experiment  may  be  done  first  on  a 
rabbit,  as  most  of  them  remain  quite  passive.  Place  a  person  with  his  left 
shoulder  next  the  window,  ask  him  to  turn  his  eyeballs  to  the  right  and 
open  his  eyelids,  whereby  sufficient  of  the  eyeball  is  made  visible  for  the 
application  of  the  instrument  (Pfliiger's  Archiv. ,  xlii.,  1888).' 

13.  Pupil. — Normally  the  pupil  in  man,  rabbits,  and  other  animals  is 
black,  but  in  albinos  it  is  reddish.     Why  ? 

(i)  Select  an  albino  rabbit,  and  exactly  in  front  of  its  pupil  hold  up  a 
black  card  with  a  hole  in  it  the  size  of  the  pupil.  Direct  the  pupil  to  the 
light,  and  arrange  the  shade  so  that  all  light  is  kept  from  the  eye  except 
that  which  enters  it  by  the  pupil.     The  albino  pupil  then  appears  black. 

This  shows  that  the  blackness  of  the  pupils  is  not  due  to  the  light 
entering  the  eyeball  being  absorbed  by  the  pigment  of  the  fundus  of  the 
eye,  but  that  light  entering  the  eye  can  only  emerge  by  the  pupil  when  the 
iris  and  the  neighbouring  parts  of  the  choroid,  in  virtue  of  their  pigmenta- 
tion, do  not  permit  light  to  pass  through  them.  The  construction  of  the 
dioptric  apparatus  of  the  eye  is  such  that  light  from  the  fundus  of  the  eye 
must  be  reflected  back  to  the  source  from  which  it  came— i.e.,  to  the  focus. 
As  we  emit  no  light  from  our  eye,  none  can  come  to  us  from  the  observed 
eye,  so  we  see  the  pupil  black  because  we  do  not  illuminate  the  fundus  with 
our  body  {Schenck). 

B.  Kiihne's  artlfloial  eye  (fig.  442). 

(a)  Fill  the  instrument  with  water,  and  place  it  in  a  darkened  room  with 
the  cornea  directed  to  a  hole  in  the  shutter,  through  which  sunlight  is 
directed  by  means  of  a  helioatat.     If  this  is  not  available,  use  an  oxy- 
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hydrogen  lamp  or  electric  light  to  throw  parallel  rays  of  light  on  the 
cornea.  If  these  cannot  be  had,  use  a  fan-tailed  gas-burner,  but  in  this 
case  the  illumination  and  images  will  be  feeble.  To  enable  one  to  observe 
the  course  of  the  rays  of  light,  pour  some  eosin  or  fluorescein  into  the 
water  in  the  instrument. 

(6)  Formation  of  an  image  on  the  retina.  Observe  the  course  of  the  rays 
of  light  which  come  to  a  focus  behind  the  lens — the  principal  posterior 
focus.  Move  the  ground  glass  representing  the  retina,  and  get  a  clear 
inverted  image  of  the  source  of  light.  N.B. — In  this  instrument  accom- 
modation is  effected  not  by  altering  the  curvature  of  the  lens,  as  in  the 
normal  eye,  but  by  moving  the  retina. 

(c)  Place  convex  and  concave  lenses  between  the  source  of  light  and  the 
cornea  ;  observe  how  each  alters  the  course  of  the  rays  and  their  focus. 


Fig.  442.— Kuhne's  artificial  eye,  as  made  by  Jung,  of  Heidelberg. 

(d)  After  having  an  image  well  fooussed  upon  the  retina,  move  the  latter 
away  from  the  lens,  when  the  image  becomes  blurred  owing  to  diffusion. 
If,  however,  »  slip  of  zinc,  with  a  hole  cut  in  it  to  act  as  a  diaphragm  to 
cut  off  some  of  the  marginal  rays,  be  interposed,  the  image  is  somewhat 
improved. 

(e)  After  seeing  that  the  light  is  sharply  focussed  on  the  retina,  remove 
the  lens — to  imitate  the  condition  after  removal  of  the  lens  for  cataract — 
and  observe  that  the  rays  are  focussed  quite  behind  the  retina. 
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(/)  Place  the  removed  lens  in  front  of  the  cornea,  the  principal  focus  is 
now  much  in  front  of  the  retina,  so  that  a  much  weaker  lens  than  the  one 
removed  has  to  be  used  after  removal  of  the  lens  for  cataract. 

(g)  Astigmatism. — Pill  the  plano-convex  glass,  g, — ^to  imitate  a  cylindri- 
cal lens — ^with  water,  and  place  it  in  front  of  the  cornea.  Between  the 
cornea  and  the  cylindrical  lens  place  a  sheet  of  zinc  with  a  cross  cut  out  in 
it,  or  with  a  number  of  holes  in  a  horizontal  line.  One  cannot  obtain  a 
distinct  image  of  the  cross  or  the  holes  as  the  case  may  be. 

{h)  Soheiner's  experiment. — With  the  light  properly  adjusted,  place  in 
front  of  the  cornea  a  piece  of  zinc  perforated  with  two  holes,  c,  i  cm.  in 
diameter,  in  a  horizontal  line,  the  distance  between  the  holes  being  less 
than  the  diameter  of  the  pupil.  Find  the  position  of  the  retina — and  there 
is  only  one  position — in  which  the  two  beams  of  light  are  brought  to  a 
focus.  Move  the  retina  towards  the  cornea,  and  observe  two  images ; 
close  the  right-hand  hole,  and  the  right-hand  image  disappears.  Bring  the 
retina  posterior  to  the  principal  focus,  and  again  there  are  two  images.  On 
closing  the  right-hand  hole  the  left-hand  image  disappears,  and  vice  versd. 


LESSON   LXXIX. 


CUTANEOirS  SENSATIONS— COLD,  HOT,  PBESSUKE, 
AND  PAIN  SPOTS  —  MITSCULAB  SENSE  — RE- 
SISTANCE. 

In  many  of  these  experimsnts  two  students  work  together — a 
kind  of  "laboratory  partnership"  where  A  is  the  person 
experimented  on  and  B  the  experimenter  who  makes  the 
experiment  on  A.  B  arranges  the  instruments  and  records  the 
results.     At  the  end  they  change. 

In  studying  the  phenomena  of  touch,  A  closes  his  eyes  or  is 
prevented  from  seeing  what  is  going  on. 

From  the  skin  we  obtain  at  least  four  different  qualities  of 
sensation — pressure,  cold,  warmth,  and  pain.  The  last  is 
associated  with  organs  in  the  epidermis,  and  the  other  three 
come  from  the  cutis.  There  are  separate  localised  cutaneous 
terminal  organs  for  cold,  warmth,  and  pressure,  so  that  the  skin 
is  a  mosaic  of  organs  administering  to  several  sensations  of 
different  quality,  and  does  not  give  us  a  series  of  graduated 
qualities  such  as  we  get  from  the  eye  or  ear. 

How  accurately  can  the  skin  by  itself,  and  without  the  aid  of 
vision,  localise  an  impression  made  on  ifi     Our  tactual  sensa- 
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tions  differ  in  locality  and  in  intensity.     Under  the  latter  is 
included  contact  and  pressure. 

1.  Touch — Localisation  of  single  point  on  skin. — (a)  Let  A.  sit 
at  a  table  and  place  his  left  hand  flat  on  the  table,  with  digits 
outstretched  and  dorsal  surface  uppermost,  right  hand  resting 
on  the  right  knee.  Eyes  shut.  B  tells  him  to  touch  with  his 
index  (or  middle)  finger  of  the  right  hand  the  tip  of  a  finger 
named  by  B.     Record  result  and  number  and  extent  of  failures. 

(6)  With  the  head  of  a  pin  dipped  in  a  pigment  (soot  used  by 
Weber)  B  makes  several  marks  on  A's  forearm,  then  B  touches 
and  asks  A  to  put  his  finger  on  the  spot  touched  by  B. 

(c)  Using  the  volar  edge  of  the  arm  of  A,  supported  and  arranged  as  in 
(a),  with  a  pencil  point  B  makes  an  impression  on  A,  and  A  is  asked  to 
touch  this  spot  with  the  point  of  another  pencil.  Make  a  map  and  record 
the  result. 

2.  Tactile  spatial  discrimination — Threshold  for  two  points. — 
How    far   apart   must   two   cutaneous    impressions   lie    to    be 


Fig.  443.— ^sthesiometer  of  Jastrow,  made  by  the  Chicago  Supply  and  Scale  Co. 

perceived  separately — i.e.,  localised  at  different  places  (Weber's 
method,  1834).  The  instruments  used  are  called  JEsthesio- 
meters.      B    uses    a    pair     of    dividers     with    their    points 
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guarded  by  small  pieces  of  cork,  or  Sieveking's  or  Jastrow's 
SBSthesiometer  (fig.  443),  or  Griesbach's  dynamometrical  sesthesio- 
meter  (tig.  444).  The  latter  are  already  graduated.  The  limbs 
of  the  instrument  should  be  applied  vertically  to  the  cutaneous 
surface.  B  applies  lightly  the  points  of  the  compasses  simul- 
taneously to  different  parts  of  A's  skin,  and  ascertains  at  what 
distance  apart  the  points  are  felt  as  two.  The  following  is  the 
order  of  sensibility  : — Tip  of  tongue,  i  -i  mm. ;  tip  of  the  middle 
finger,  2-3;  palm,  8  to  9 ;  forehead,  22;  back  of  hand,  31-6; 
back,  66. 


Fig.  444.— iEsthesiometer  with  g:aai'ded  points. 

{a)  Let  A  expose  his  forearm  and  seat  himself  near  a  table 
[eyes  closed].  B  applies  both  points  of  the  compasses,  gently, 
equably,  a,na  simultaneously  to  A's  forearm,  say,  in  the  longi- 
tudinal axis — peripheral-central — of  the  arm,  the  points  being 
35  mm.  apart,  and  kept  applied  for  2".  A  says  if  he  feels  one 
point  or  two  points,  or  if  he  is  in  doubt.  B  records  result, 
distance  of  points,  and  A's  statement.  It  is  well  also  to  test 
from  time  to  time  by  applying  only  one  point.  Make  the 
distance  30  mm.  and  try  again,  and  so  on  until  A  can  distinguish 
two  points  in  a  given  area  on  forearm.  The  minimum  distance 
is  the  threshold.     A  is  then  shown  the  result. 

(6)  Test  as  before  other  regions. — e.g.,  tip  of  forefinger  and  tip 
of  middle  finger  on  palmar  surface.  The  spatial  sense  is  more 
acute  on  the  latter.  Work  also  cross-wise  on  the  arm.  Avoid 
temperature  spots.    Record  result — e.g.,  example  from  Titchener. 


Lbft  Fokeaem,  Volar  Sukfaoe 

< >. 

Mm.  ^ 

Judgment. 

Mm.    X 

Judgment. 

24 
23 
22 
21 

2  points. 
2       „ 
2       „ 
2       „ 

20 
19 
18 

I  point. 
I        :, 

(c)  Test  as  in  (6)  the  skin  of  the  arm,  beginning  at  the  shoulder 
and  passing  downwards.     Observe  that  the  sensibility  is  greater 
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as  one  tests  towards  the  fingers,  and  also  in  the  transverse  than 
in  the  long  axis  of  the  limb. 

(d)  The  tactual  sensations  may  be  successive.    The  threshold  for  distance 
■  is  less — i.e.,  they  are  more  acutely  judged  {Weber) — when  the  points  are 

applied  successively  instead  of  simultaneously.  The  direction  in  which 
the  points  are  applied  can  also  he  studied ;  also  the  efifect  of  differences  of 
the  temperature  of  the  two  points  and  of  exercise. 

(c)  By  means  of  a  spray-producer  spray  the  back  of  the  hand  with  ether, 
and  observe  how  the  sensibility  is  abolished. 

3.  Localisation — Aristotle's  experiment. — Stimulation  of  parts 
whose  relative  position  can  be  changed — i.e.,  how  localisation  is 
aifected  by  change  in  the  normal  position  of  two  stimulated 

surfaces  {Titchener),  or  the  local- 
isation of  two  impressious  which 
lie  in  two  different  areas. 

(a)  Cross  the  middle  over  the 
index-finger  (fig.  445),  roll  a 
small  ball  or  pea  between  the 
fingers  ;  one  has  a  distinct  im- 
pression of  two  balls.     Or,  cross 

Fig.  445-AxiBtotle's  experiment.  ^j^^     g^g^^^     ^^     ^^^    ^^^^     ^g^j^ 

and  rub  them  against  the  point  of  the  nose.  The  same  illusion 
is  experienced.  Touch  first  with  the  forefinger  and  then  with 
the  second  finger,  the  contacts  seem  to  occur  in  different  points 
of  space,  the  forefinger  touch  being  higher. 

(6)  A  lays  his  hand  flat,  volar  surface  uppermost,  and  closes  his  eyes.  B 
crosses  middle  under  third  finger,  and  places  in  the  fork  a  pencil  so  as  to 
touch  both  phalanges  on  the  radial  side  of  the  third  finger  and  ulnar  side 
of  the  middle  one.     A  has  the  impression  of  two  distinct  objects. 

4.  Illusions  of  tactual  judgments  of  space,  locality,  and  motion. — (a) 
Touch  two  points  of  the  skin,  a  and  6,  simultaneously  with  the  compass- 
tips.  The  distance  appears  greater  than  if  one  compass-tip  travels  from  a 
to  b.  The, distance  between  a  and  b  seems  shorter  the  quicker  the  move- 
ment, and  longer  if  the  compass-tip  is  moved  slowly.  If  the  edge  of  a  card 
be  used,  the  distance  seems  shorter  than  that  between  the  compass-tips. 

(6)  Close  the  eyes,  and  touch  the  circumference  of  a  ball  or  any  circular 
disc  with  a  rod,  follow  the  periphery  with  the  rod,  the  ball  appears  larger 
the  shorter  the  rod. 

(c)  Press  the  cross-section  of  a  tube  on  the  skin  of  the  forearm.  It  feels 
transversely  oval. 

{d)  Estimation  of  the  distance  of  two  neighbouring  parts  depends  on 
the  size  of  the  sensory  circles.  If  the  points  of  a  pair  of  compasses — blunt 
points — about  2  cm.  apart,  are  placed  on  the  skin  in  front  of  the  ear  and 
moved  across  the  face  towards  the  lips,  so  that  the  lips  fall  between  them,' , 
the  person  feels  as  if  the  points  diiferged  as  they  pass  towards  the  lips,  and 
include  it  in  an  ellipse  {E.  H.  Weber). 

(e)  Similarly  draw  the  compass-points,  i  to  2  cm.  apart,  down  over  the 
forearm,  wrist,  palm,  and  fingers.     It  feels  like  a  single  line  opening  up 
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into  two  lines,  which  seem  to  separate  more  widely  below  the  wrist,  to 
become  narrower  in  the  palm,  and  to  diverge  rapidly  towards  the  adjacent 
finger-tips  (E.  3.  Weber). 

{/)  Place  I,  2,  3,  4,  or  5  fingers  at  different  distances  apart  and  on 
different  parts  of  the  scalp,  and  ask  the  person  touched  to  indicate  how 
many  fingers  are  applied. 

(g)  Illusion  of  length.  — Take  a  coarse  thread,  2  feet  long,  and  make  a 
knot  in  the  middle.  Let  A  hold  and  gently  press  the  knot  between  finger 
and  thumb.  B  moves  the  thread  at  first  slowly  and  then  quickly,  and  asks 
A  (eyes  closed)  to  estimate  the  length. 

(A)  Without  his  seeing  it,  let  A  draw  his  hand  over  a  cooled  dry  and 
highly -polished  nickel-plated  iron  bar.  He  will  feel  a  sensation  as  if  the 
bar  is  wet. 

(i)  Let  B  show  A  a  clothes  brush.  Let  A  close  his  eyes  and  turn  his 
back  to  B,  who  runs  his  hand  over  A's  back,  at  the  same  time  and  in  the 
same  tempo  rubs  the  brush  over  his  own  clothes.  Probably  A  will  form 
the  impression  that  the  brush  is  actually  being  passed  over  his  own  back. 

5.  Over-estimation  of  tactual  space. — Apply  to  A's  hand  part  of  the 
toothed  edge  of  a  card,  and  then  ask  him  to  pass  his  finger  over  the 
toothed  ec^e  to  indicate  the  length  applied  to  his  hand.  A  will 
most  probably  indicate  the  distance  as  too  short.  Pass  the  actual  length 
over  A's  finger,  it  appears  longer  than  the  distance  felt  during  the  first 
mere  passive  contact.  In  combination  with  movement  the  length  is  over- 
estiidated. 

6.  Dresslar's  card. — Draw  diagonals  across  a  card,  perforate  these  with 
holes  at  short  intervals  by  means  of  a  thick  pin,  so  as  to  produce  a  series  of 
elevations  on  the  opposite  side  of  the  card.  Run  a  finger  along  one  diagonal 
row  of  these  elevations.  One  obtains  the  impression  that  this  diagonal  does 
not  cut  the  other  at  one  point,  but  rather  as  if  it  were  met  by  two  eleva- 
tions, one  in  each  section.    {American  Joum.  of  Psychology,  vi.,  1893-95.) 

7.  Sense  of  temperature. 

(a)  Ask  A  to  close  his  eyes.  Use  two  test-tubes  or  spoons 
(hot,  cold).  Apply  one  or  other  to  different  parts  of  the  surface 
and  mucous  membranes,  and  ask  A  to  say  whether  the  touching 
body  is  hot  or  cold. 

(b)  Touch  fur,  wood,  and  metal.  The  metal  feels  coldest, 
although  all  the  objects  are  at  the  same  temperature.  Water  at 
the  same  T°  feels  cooler  than  air. 

(c)  Cold  spots. — With  a  blunt  metallic  point  touch  different 
parts  of  the  skin.  Certain  points  excite  the  sensation  of 
warmth,  others  of  cold,  although  the  temperature  of  the  skin 
and  the  instrument  remain  constant. 

•  {d)  Draw  a  blunt  pencil-point  slowly  across  the  back  of  the 
hand,  several  cold  spots  will  flash  out.  The  hot  spots  are  more 
difficult  to  localise. 

8.  Study  of  "  temperature  spots." — Apparatus. — Two  of  Goldscheider's 
metal  rods  (1x9  cm.),  ending  below  in  a  round  point  (l  mm.),  and  above 
in  a  disc  o'5  cm.  in  diameter.  They  may  be  fixed  in  an  adjustable  clip 
with  a,  handle,  or  merely  covered  near  the  middle  with  rubber  tubing. 
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Weak  alcoholic  solutions  of  red,  brown,  and  green  aniline  dyes.  Camel-hair 
brushes.  Transparent  millimetre  tracing  paper.  Vessels  to  hold  ice  and 
salt,  and  a  Bunsen  burner. 

Instead  of  Goldscheider's  rods,  the  Kronecher-Miescher  thermo-cssthesio- 
meter  may  be  used.  It  consists  of  a  conical  tube  45  cm.  long,  divided  by  a 
septum  incomplete  near  the  apex  like  a  perfusion  cannula.  One  compart- 
ment is  connected  with  the  inlet  for  the  water,  and  the  other  with  the  out- 
let. The  apex  terminates  in  a  platinum  circular  surface  i  mm.  in  diameter. 
Water  of  any  desired  temperature  can  be  circulated,  and  its  exact  tempera- 
ture ascertained,  as  there  is  a  thermometer  biilb  in  the  outlet  compart- 
ment.    The  instrument  is  held  like  a  pen. 

9.  Cold  spots. — The  cold  spots  are  not  all  equally  sensitive. 
In  some  areas — e.g.,  forehead — the  intense  cold  spots  are  most 
abundant.  Some  excite  only  a  feeble  sensation  of  cold.  There 
are  areas  where  neither  cold  nor  heat  are  experienced ;  these 
areas  are  totally  thermo-ansesthetic.  It  is  to  be  noted  that  the 
cold  and  hot  spots  are  locally  quite  distinct.  Moreover,  the 
areas  of  greatest  tactual  sensibility  do  not  necessarily  coincide 
with  those  of  greatest  temperature  sense.  The  tips  of  the  fingers 
are  relatively  poor  in  temperature  spots,  while  the  spots  are 
abundant  on  the  dorsal  surface  of  the  hand.  Tactual  sensation 
is  absent  from  these  spots. 

(a)  Let  A  lay  his  left  hand  lightly  clenched  on  the  table, 
dorsal  surface  uppermost,  and  with  forearm  exposed. 

(b)  B,  with  a  camel-hair  pencil  dipped  in  alcoholic  solution  of 
Bismarck  brown,  maps  out  on  the  skin  over  the  dorsal  surface 
of  the  second  and  third  metacarpal  bones,  or  on  the  dorsal 
surface  of  the  forearm  of  A,  a  parallelogram— width  2 -5  cm. 
(peripheral-central  direction)  and  i'5  cm.  (right-left  direction). 
Oool  the  rod  in  iced  water  or  mixture  of  ice  and  salt  and  dry  it. 

(c)  B  applies  lightly  the  rounded  tip  of  the  cooled  rod  for  2 
seconds  at  one  corner  of  the  parallelogram.  If  it  is  said  to  be  felt 
by  A  as  cold,  mark  the  spot  with  a  green  dot.  Proceed  in  this 
way,  by  moving  the  point  of  the  rod  slowly  and  steadily — using 
not  too  great  pressure — along  one  side  of  the  parallelogram, 
marking  each  cold  spot  green.  When  a  cold  spot  is  found,  A 
says  "  There."  Repeat  the  process,  beginning  a  new  line  about 
I  mm.  from  the  first  and  parallel  to  it.  Go  on  until  the  whole 
area  is  mapped  out. 

This  gives  the  distribution  of  cold  spots  in  the  skin  area 
chosen.  A  will  be  able  to  state  that  at  some  of  the  points  the 
cold  was  sharp  and  felt  at  once,  while  in  other  spots  it  was  just 
felt,  and  in  still  others  no  sensation  of  cold  was  felt.  The  same 
process  may  be  repeated  in  the  transverse  direction. 

(d)  If  desired,   after   an  interval   re-investigate   the    "  cold 
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spots "  and  mark  those  most  sensitive  (and  with  ready  and 
prompt  response)  with  some  other  distinctive  colour.  Thus  one 
gets  a  mosaic  of  cold  spots  of  different  intensity.  For  a  per- 
manent record,  make  a  tracing  on  tissue  paper  placed  over  the 
parallelogram. 

N.B. — The  temperature  spots  are  easily  fatigued. 

10.  Warm  spots. — ^Proceed  as  above,  but  heat  the  rod  to 
about  70°  0.  either  in  warm  water  or  with  a  Bunsen.  Let  the 
instrument  travel  over  the  skin  rather  more  quickly  than  for 
determining  the  cold  spots.  Mark  the  hot  spots  with  a  red  dot. 
They  will  probably  be  less  defined  than  the  cold  spots. 

The  cold  spots  are  more  numerous  than  the  warm,  and 
arranged  either  in  small  clusters  or  in  chains,  often  radiating 
from  near  £he  exit  of  a  hair.  The  cold  sensation  has  a  short 
latent  period,  like  touch,  and  is  localised  more  superficially  than 
the  warm  spots,  which  are  less  easily  located  and  have  a  longer 
and  slower-reached  latent  period.  There  are  no  cold  or  hot 
spots  on  the  cornea.  Spots  are  not  all  equally  sensitive,  some 
are  "tuned,"  "adapted,"  to  respond  by  sensations  of  varying 
intensity  to  a  given  stimulus. 

11.  Mechanical  stimulation  of  a  cold  spot.  — Make  skin  of  spot  tense, 
tap  the  cold  spot,  and  a  sensation  of  cold  may  be  obtained.  Cold  spots  are 
analgesic.  Thrust  a  fine  needle,  slightly  warmed,  through  a  cold  spot.  It 
is  usually  not  felt  as  a  pricking  pain,  but  as  cold. 

12.  Chemical  stimulation  of  a  cold  spot — Menthol. — Bub  the  skin  of 
the  back  of  the  hand  or  temple  with  menthol.  A  sensation  of  cold  is  felt, 
because  the  cold  spots  are  made  hypersesthetio,  so  that  they  respond  more 
readily  to  stimuli.  The  T°  of  the  skin  is  not  lowered  (Goldscheider). 
Later  all  the  cutaneous  senses  become  more  or  less  ansesthetic. 

13.  Mechanical  pressure  excites  cold  spots. — Shape  an  ordinary  cork 
at  one  end  to  terminate  in  a  conical  point,  or  use  elder  pith.  Press  with 
the  cork  tip  here  and  there  on  the  back  of  the  hand — first,  one  has  a 
feeling  of  contact,  and  on  deeper  pressure,  if  in  a  region  where  cold  spots 
are  abundant,  out  flashes  a  sharp  deep-seated  sensation  of  cold.  It  is 
more  diflBcult  to  localise  the  hot  spots  in  this  way.  Personally,  I  find  good 
areas  for  cold  over  the  veins  on  the  dorsum  of  the  hand  and  at  the 
metaoarpo-phalangeal  joints.  The  after-sensation  seems  to  last  for  a 
considerable  time. 

14.  Electrical  stimulation  of  thermal  spots.  —  Locate  a  cold  spot. 
Begin  with  weak  induced  currents,  and  apply  one  pole  or  needle  over  this 
point,  and  let  the  other  electrode  be  large  and  applied  to  the  hand,  and 
resting  on  a  piece  of  moistened  blotting-paper  (Blix). 

15.  Cold  spots  are  analgesic. — Test  with  pin  (§  11). 

Herzen's  Observation.^iL  a  limb  which  is  "sleeping" — e.g.,  by  com- 
pression of  sciatic  on  the  edge  of  a  chair — the  cold  spots  are  paralysed, 
and  the  warm  not.  Compress  the  radial,  ulnar,  or  sciatic  nerve,  and  it 
will  be  found  that  pressure  disappears  first,  then  cold,  hot,  and,  lastly, 
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pain.     Herzen  oonolud'ed  that  there  are  different  paths  for  the  conduction 
of  cold  and  heat  impulses  {Pfliiger's  Arch.,  xxxix.,  1886). 

16.  Temperature  sensitivity.— (a)  Heat  to  about  70°  C.  a  metallic  knob 
with  a  flat  surface  (0-5  cm.  diameter),  or  use  the  broad  end  of  a  Gold- 
scheider's  rod.  Apply  it  to  forearm,  forehead,  cheek,  palm  of  hand,  back 
of  hand,  &c.,  and  compare  intensity  of  sensation  obtained. 

(6)  Contirmous  stimulation  over  a  larger  area — i.e.,  stimulus,  hot  or  cold, 
over  a  mosaic  of  temperature  spots.  Map  out  a  parallelogram  (5  cm.  x  3 
cm. )  on  the  radio-dorsal  surface  of  the  skin  of  the  forearm  just  below  the 
elbow  joint.  For  cold  stimuli  use  rods  at  12°  to  15°  C,  and  for  warm  37° 
to  40°  0.  Apply  broad  end  of  cylinder  to  one  corner  of  the  parallelogram 
for  I  second.  Let  A  call  out  "Intensely  cold,"  "Cold,"  "Just  cold," 
"  Nothing."  Record  result  on  arm  or  on  tissue  paper  of  same  size  as  skin 
area.  Mark  the  areas  in  accordance  with  these  results,  varying  depth  of 
tint  of  green,  or  use  dots  or  other  distinctive  mark.     Map  out  whole  area. 

(c)  Make  a  similar  experiment  with  the  warm  cylinders  {Experimental 
Psychology,  by  E.  B.  Titchener). 

17.  Skin  V.  mucous  membrane  for  temperature. — The  temperature 
sense  is  very  unequally  distributed  over  the  surfaces  of  the  body.  The 
mucous  membranes  are  very  insensitive.     Sip  hot  coffee,  it  does  not  feel 

^  uncomfortably  hot  so  long  as  it  is  in  contact  with  the  mucous  membrane  of 
the  mouth  or  red  part  of  the  lips.  Let  it  touch  the  akin  of  the  lip  or  dip  a 
finger  into  it,  it  feels  burning  hot. 

18.  Some  experiments  on  temperature  sense. 

(a)  Successive  temperature  contrast  (alteration  oi  physiological  zero). — For 
I  minute  hold  one  hand,  R,  in  water  at  40°  C,  and  the  other,  L,  in  ice- 
cold  water.  Place  both  in  water  at  20°  C.  The  water  will  feel  cold  to  R 
and  warm  to  L.  Original  experiment  was  suggested  by  John  Locke 
(1632  to  1704). 

(6)  Hold  one  hand  in  water  at  10°  C ,  and  afterwards  place  it  in  water  at 
20°  C.,  at  first  the  latter  causes  a  sensation  of  heat,  which  soon  gives  place 
to  that  of  cold. 

(c)  Mffect  of  area-extension. — Place  a  finger  in  water  at  48°  C.  It  can  be. 
kept  in  for  a  long  time.  Hold  the  whole  hand  in,  it  soon  becomes 
painful. 

(d)  Plunge  the  hand  into  water  at  36°  C.  One  experiences  a  feeling  of 
heat.  Then  plunge  it  into  water  at  30°  C. ,  at  first  it  feels  cold,  because 
heat  is  abstracted  from  the  hand.  Plunge  the  other  hand  direct  into  water 
at  30°  C.  without  previously  placing  it  in  water  at  36°  C.,  it  will  feel 
pleasantly  warm.  1 

(e)  Discrimination  of  T°. — Test  with  the  finger  the  acuteneas  of  the 
sense  of  temperature — i.e.,  in  two  given  fluids  of  different  temperature, 
what  fraction  of  a  degree  C.  can  be  distinguished.  One  can  usually 
distinguish  4°,  although  the  acuteness  is  greater  when  the  fluids  are 
about  30°  C. 

(/)  The  median  line  is  less  sensitive  to  temperature  than  parts  right  and 
left.  Touch  the  tip  of  the  nose  or  middle  line  of  forehead  with  a  piece  of 
hot  or  cold  metal,  and  then  several  points  right  and  left. 

[g)  T°  ajter4mage8. — Press  cold  metal  on  the  forehead  for  30  seconds. 
The  cold  feeling  persists,  although  the  T°  is  rising.  The  after-images  are 
always  positive. 

19.  Illusions  relating  to  temperature. 

(a)  Effect  of  tenvperature  on  estimation  of  weight. — Place  a  thin  disc  of 
cold  lead  the  size  of  a  florin  on  the  forehead  of  a  person  whose  eyes  are 
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closed,  remove  the  disc,  and  on  the  same  spot  place  two  warm  discs  of 
equal  size.  The  person  will  judge  the  latter  to  be  about  the  same  weight, 
or  lighter,  than  the  single  cold  disc. 

(6)  Compare  two  similar  wooden  discs,  and  let  the  diameter  of  one  be 
slightly  greater  than  that  of  the  other.  Heat  the  smaller  one  to  over  50° 
C.  and  it  will  be  judged  heavier  than  the  larger  cold  one. 

(c)  Lay  on  different  parts  of  the  skin  a  small  square  piece  of  paper  with 
a  small  central  hole  in  it.  Let  the  person  close  his  eyes  while  another 
person  gently  touches  the  uncovered  piece  of  skin  with  cotton  wool,  or 
brings  near  it  a  hot  body.  In  each  case,  ask  the  observed  person  to 
distinguish  between  them.  He  will  always  succeed  on  the  volar  side  of 
the  hand,  but  occasionally  fail  on  the  dorsal  surface  of  the  hand,  the 
extensor  surface  of  the  arm,  and  very  frequently  on  the  skin  of  the  back 
(Fich  and  Wunderli,  i860). 

Pressure. — The  pressure  spots,  sometimes  called  "touch  spots," 
are  intimately  related  to  the  hair-follicles,  though  they  occur 
elsewhere.  Every  hair-follicle  has  its  pressure  spot,  which  "lies 
to  the  windward  of  the  hair  itself" — i.e.,  it  lies  directly  above 
the  hair-follicle  on  the  side  from  which  the  hair  slopes.  It 
would  thus  appear  that  the  hairs  play  other  offices  besides  those 
of  mere  mechanical  and  thermal  functions.  Touch  the  tip  of  a 
hair  and  notice  the  exquisitely  clear  and  well-defined  sensation. 
It  is  greatly  more  sensitive  (3  to  12  times)  than  the  pressure 
spots.  There  are  about  fifteen  such  spots  in  a  square  centi- 
metre of  skin  of  the  calf  of  the  leg.  A  fine  needle  thrust  into  one 
of  these  spots  gives  rise  to  a  sharply  localised  feeling  of  pressure 
and  is  unaccompanied  by  any  painful  sensation.  The  spots  are 
usually  arranged  in  short  lines  near  the  mouth  of  the  hair- 
follicles.  Goldscheider  counted  seven  to  eight  such  spots  in  an 
area  containing  fifteen  hairs  on  the  back  of  the  forearm  and  a 
greater  number  on  the  flexor  aspect.  They  are  absent  from  the 
cornea  and  glans  penis. 

20.  Pressure  spots  (Touch  Contact). — Use  a  rounded  point  of 
hardwood,  i  mm.  in  diameter,  fixed  in  a  suitable  rod.  Map  out 
a  square  on  the  dorsal  surface  of  the  hand  between  the  fourth 
and  fifth  metacarpal  bones.  Cut  away  the  hairs  and  make  a 
map  of  them  (blue  dots)  on  tissue  paper.  Make  separate 
pressures  along  the  sides  of  the  square,  as  for  warm  and  cold 
spots.     These  spots  are  easily  fatigued. 

(a)  Von  Frey's  method. — A  hair  of  the  head  or  beard  or  a  horse  hair 
(20  to  40  mm.  long)  is  fixed  to  a  wooden  match.  On  pressing  the  point  of 
the  hair  against  the  skin  it  may  or  may  not  be  felt  as  a  tactile  sensation. 
This  depends  on  the  pressure  exerted  on  the  hair,  and  this  in  turn  on  the 
sectional  area  and  stiffness  of  the  hair  itself.  One  can  measure  the 
pressure  exerted  by  pressing  the  hair  on  a  balance,  and  from  the  sectional 
area  of  the  hair  deduce  the  pressure  per  sq.  mm.     Fig.  4466  shows  another 
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form  of  the  instrument.  According  to  v.  Frey  the  sensibility  of  the  cornea 
and  conjunctiva  is  distributed  in  a  punotiform  manner,  insensible  areas 
existing  between  ;  pain  alone,  according  to  v.  Frey,  being  experienced  from 
stimulation  of  the  cornea  with  the  exception  of  the  margin,  and  the  teeth, 
or  rather  the  dentine  and  pulp.  (V:  Frey,  "Beitrage  z.  Physiologie  d. 
Sohmerzsinns,"  and  "Beit.  z.  Sinnesphysiologie  d.  aaut,"  Berieh.  a.  d. 
math.-phys.  Claese  d.  KSnigl.  Sachs.  GeseU.  d.  Wissen.  Leipzig,  Dec, 
1894,  and  March,  1895.  Criticism  by  Nagel,  Pfliiger's  Archiv,  Bd.  59,  p. 
563,  1895.) 

(6)  Adaptation  to  pressure. — Weight  a  large  cork  with  sheet  lead.  Place 
the  cork  on  the  exposed  arm  of  A,  whose  eyes  are  closed.  In  a  short  time 
the  pressure  sensation  disappears. 

(c)  Dip  the  hand  or  a  finger  into  mercury.  The  greatest  sensation  is 
felt  at  the  plane  of  the  fluid  in  the  form  of  a  ring,  but  even  this  is  best  felt 
on  moving  the  hand  up  and  down. 

{d)  Select  a  number  of  similar  corks  and  cover  their  under  surfaces  with 
substances  of  varying  roughness — plush,  velvet,  flannel,  buckram,  hard 
and  soft  wood.  Let  A  try  to  identify  or  describe  the  pressing  surfaces. 
To  do  this  requires  active  touch  as  well  as  pressure. 
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Fig.  446.— Von  Frey's  hair  sesthesiometer.    a,  Original  form  made  with  a 
lucif er  match,    b.  Latest  form. 

(e)  Feeling  of  double  contact  (eyes  closed). — Usually  the  part  that 
moves  feels  the  one  that  does  not,  but  it  is  not  always  so.  Feel  the  palm 
of  the  right  hand  with  the  ball  of  the  left  thumb.  Feel  the  forehead  with 
the  hand ;  one  usually  feels  the  forehead.  Feel  the  forehead  with  knuckle 
of  the  forefinger  sharply  bent,  and  move  the  forehead.  One  seems  to  feel 
that  it  is  the  finger  that  is  in  motion. 

(/)  Touch  your  forehead  with  your  forefinger,  the  finger  appears  to  feel 
the  contact ;  but  on  rubbing  the  forefinger,  or  any  other  digit,  rapidly  over 
the  forehead,  it  is  the  latter  which  is  interpreted  as  "  feeling"  the  finger. 

(3)  Judgment  of  motion  and  direction. — Let  B  move  a  pin-head  slowly  up 
and  down  on  A's  forearm  (eyes  closed).  A  will  perceive  motion  before  dis- 
covering its  direction. 

(A)  Weher's  circles. — Cut  short  lengths  from  glass  tubing  of  various 
sizes,  varying  from  a  quarter  of  an  inch  to  2  inches  or  more  in  diameter, 
and  provide  glass  vessels  of  similar  size,  each  with  a  glass  base.  Press  the 
small  circles  and  corresponding  size  of  vessel  on  the  cheek  and  forehead, 
and  the  larger  ones  on  the  thorax  or  abdomen.  It  is  impossible  when  the 
eyes  are  shut  to  determine  whether  a  closed  or  open  vessel  is  pressed  on 
the  skin.  The  size  of  the  vessel  to  obtain  this  result  varies  with  the 
cutaneous  surface  experimented  on. 
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21.  Time  disorimination  of  contact. — Strike  a  tuning-fork  vibrating 
50  to  200  or  more  D.V.  per  second,  and  touch  it  lightly  for  a  second,  and 
remove  the  finger.  The  impacts  of  the  fork  are  not  summated  into  a, 
smooth  sensation,  but  one  feels  a  succession  of  rapid  successive  taps. 

22.  Unequal  distribution  of  pressure.— (o)  Feel  radial  pulse 
with  palmar  surfaces  of  fingers,  back  of  the  fingers,  side  of 
hand. 

(6)  Press  as  equally  as  possible  with  a  pencil-point  on  the 
skin  near  to  nail,  and  on  the  nail  itself.      Note  great  difference. 

23.  Active  touch  and  active  pressure. — (a)  Feel  any  surface  by 
mere  contact,  and  then  move  the  finger  over  it.  When  touch 
is  combined  with  motion,  one  obtains  spatial  and  other 
relations. 

(6)  Place  a  hair  on  a  glass  plate,  cover  it  with  a  dozen  sheets 
of  writing-paper.  The  position  of  the  hair  will  be  readily  felt 
by  active  pressure. 

24.  Weights  for  minimal  pressure  (Contact). — Make  rectangular 
prisms  of  elder  pith  or  cork,  3  mm.  base  of  side  =  9  mm.  square, 
the  original  size  used  by  Weber.  Provide  them  with  bristle  or 
hair  handles,  arranged  like  the  handle  of  a  bucket.  Make  a 
series  of  weights  from  2  to  20  mgrms. 

(a)  Test  volar  side  of  forearm  and  tips  of  fingers.  Apply 
weights  successively  to  the  same  spot  until  the  weight  is  just 
perceived. 

(b)  Test  with  bits  of  paper  or  elder  pith  allowed  to  fall  from  a 
constant  height,  say,  3  inches.  Note  differences  in  difierent 
areas.  One  is  astonished  to  find  how  relatively  large  pieces 
of  pith  may  be  allowed  to  fall  on  the  skin  without  being  per- 
ceived. 

25  Pressure  sense. 

(a)  Rest  the  back  of  the  hand  comfortably  on  a  table,  cover  a  small  area 
of  the  palm  with  a  non-conducting  material — e.g.,  u,  soft  blotting-paper. 
On  the  latter  place  different  weights.  Estimate  the  smallest  difference  of 
weight  which  can  be  appreciated.  Use  weights  of  10,  11,  12,  13,  14,  15 
grms.,  all  of  equal  size  of  base,  or  100,  no,  120,  130,  &c.  B  places,  say, 
10  grms.  on  A's  hand,  and  allows  it  to  remain  until  B  is  able  to  estimate 
its  weight.  Remove  the  lo-grm.  weight  and  apply  13  grms.,  allowing 
it  to  remain  as  long  as  the  first.  If  A  cannot  detect  a  difference,  try  with 
14.  This  is  the  method  of  "just  observable  difference."  If  10  and  12  can 
just  be  distinguished,  then  with  the  heavier  weights  100  and  120  will 
be  distinguished.  [If  the  weights  be  placed  upon  the  unsupported  han'l, 
and  the  person  be  allowed  to  bring  into  action  his  muscles  to,  as  it  were, 
weigh  the  objects,  then  less  differences  are  perceived.] 

Weber's  law. — The  ability  to  distinguish  stimuli,  visual, 
tactual,  or  otherwise,  depends  not  on  the  absolute  difierence, 
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but  on  their  relative  differences.     It  is  purely  empirical,  and 
holds  best  for  medium  stimuli. 

26.  Traction  or  negative  pressure. — Pass  a  thread  through  a  small 
piece  of  court  plaster,  knotting  it  on  the  gummed  side  and  sticking  the 
plaster  to  the  skin.  Traction  on  the  thread  excites  the  sensation 
ISanford). 

27.  Peripheral  projection. 

(a)  Press  the  ulnar  nerve  at  the  elbow,  the  prickling  feeling  is 
referred  to  the  skin  on  the  ulnar  side  of  the  hand. 

(6)  Ejip  the  elbow  in  ice-cold  water  ;  at  first  one  feels  the  sensation  of 
cold  owing  to  the  effect  on  the  cutaneous  nerve-endings.  Afterwards, 
when  the  trunk  of  the  ulnar  nerve  is  affected,  the  pain  is  felt  in  the  skin 
of  the  ulnar  side  of  the  hand  where  the  nerve  terminates. 

28.  Reference  of  tactile  impressions  to  exterior. — Usually  the 
sensation  of  touch  is  referred  to  our  cutaneous  surfaces.  In 
certain  cases,  however,  it  is  referred  even  beyond  this. 

(a)  Holding  firmly  in  one  hand  a  cane  or  a  pencil,  touch  an 
object  therewith ;  the  sensation  is  referred  to  the  extremity  of 
the  cane  or  pencil. 

(6)  If,  however,  the  cane  or  pencil  be  held  loosely  in  one's 
hand,  one  experiences  two  sensations — one  corresponding  to  the 
object  touched,  and  the  other  due  to  the  contact  of  the  rod  with 
the  skin.  The  process  of  mastication  affords  a  good  example  of 
the  reference  of  sensations  to  and  beyond  the  periphery  of  the 
body. 

29.  Tickling. — Tickle  yourself  near  the  angles  of  the  mouth  or  eyes,  or 
near  auditory  meatus.  Notice  the  tickle  sensations,  their  long  durations 
and  after'effeots.  Press  same  parts  with  a  pen-holder,  and  observe  differ- 
ence of  effects. 

30  Pain  spots.—  Strong  horse-hairs,  pointed  with  a  razor,  are 
fixed  in  a  light  wooden  rod.  Map  out  a  small  parallelogram  in 
the  area  of  the  skin  on  the  back  of  the  hand  or  forearm  already 
studied.  Proceed  as  before.  Soften  the  skin  with  a  drop  of 
water,  and  keep  it  moist.  Make  firm  pressure  dot  by  dot,  but 
do  not  pierce  the  epidermis.  Mark  the  pain  spots  when  A  calls 
out  "  There." 

I  have  often  shown  these  spots  both  on  the  back  of  my  own 
forearm  and  on  students  by  means  of  a  sewing  needle. 

3J.  Algesometer  or  Algometer. — Fig.  448  consists  of  a  strong  spring, 
by  means  of  which  a  point  is  pressed  against  the  skin.  Use  Aly's  form 
(fig.  448)  for  the  skin  of  the  forearm.     A,  needle  is  kept  projected  by  means 
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of  a  spring.     Apply  the  needle  to  the  skin  and  press  until  pain  is  felt. 
Read  off  the  pressure  in  grms.  on  the  graduated  scale. 

If  the  needle  be  tipped  with  cork  or  rubber  disc,  it  can  be  used  for  the 
pressure  sense.  It  takes  a  pressure  of  4  to  6  kilogrms.  to  excite  pain 
produced  by  pressure  applied  to  the  skin.  Great 
variation  in  individuals,  ^ 

Some  areas  are  devoid  of  pain  spots — 
e.g.,  the  buccal  mucous  membrane  opposite 
the  second  molar  tooth  of  the  lower  Jaw 
{Kiesow),  although  it  is  provided  with 
touch  spots.  The  cornea  is  ansesthetio, 
but  it  is  acutely  sensitive  to  pain. 

The  liminal  or  threshold  sensibility  of 
mechanical  stimuli  is  higher  for  pain  than 
for  pressure — 

Pressure  limen  \  ,  ■,    s  a 

Pain  limen      ^  ^^"""^^  (^^  ^'^S^''  *'P' 

hence  if  finger  (palm)  and  forearm  be 
equally  squeezed,  the  former  causes  less 
pain  than  the  latter.  The  lowest  limina 
for  pain  are  over  the  temple  and  skin  of 
finger  joints,  the  highest  in  the  pelvic 
area. 

32.  Pain — Slow  conduction. — Strike  the  sole 
of  the  foot  smartly  with  a  flat  rod.  One  feels 
contact  first,  and  appreciably  later  that  of  pain. 

33.  Threshold  for  pressure  and  pain. — Set 
up  a  coil,  with  two  dry  cells  and  simple  break- 
key  in  primary  circuit.     Make  one  electrode — 
large — either  to  be  strapped  to  leg  or  held  in  the  hand ;  and  apply  the 
other — small — to  any  part  of  the  skin.     Use  either  interrupted  shocks  or 


Fig.  447.— Algometer,  made 
by  Chicago  Supply  and 
Scale  Company. 
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Fig.  448. — Aly's  Algeaometer. 
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single  break  shocks  with  the  kathode  of  small  electrode  at  break  on  the 
skin.     Find  the  distance  of  secondary  from  primary  coil  when 

(i. )  B  first  feels  a  sensation  from  the  electrode, 
(ii. )  When  pressure  is  felt, 
(iii.)  When  pain  is,  felt.     Record  result. 

Muscular  sense  (Sir  C.  Bell,  1830). — The  primary  acceptation 
of  this  term  has  undergone  much  alteration. 

Sherrington  includes  "  all  reactions  on  sense  arising  in  motor 
organs  and  their  accessories."  Most  of  the  writers  on  psychology- 
draw  a  sharp  distinction  between  the  afferent  impressions  re- 
ceived from  muscle  and  those  from  articular  surfaces  or  tendons. 
On  the  whole  it  is  convenient,  with  Sherrington,  to  regard  it  as 
based  on  a  "  specific  set  of  sensations  obtained  by  specific  sense 
organs  in  muscles,  joints,  and  all  the  accessory  organs  of  move- 
ments." The  brilliant  experimental  researches  of  Sherrington 
on  the  sensory  apparatus  of  muscle  must  remain,  whatever  view 
one  takes  of  the  nomenclature. 

This  group  of  senses — muscular-sense,  tendon-sense,  joint- 
sense — yield  important  data  regarding  the  position  and  move- 
ments of  our  limbs  and  of  the  body  as  a  whole  which  play  a 
great  part  in  our  perception  of  space. 

In  the  attempt  to  disentangle  how  far  sensory  impressions 
are  received  from  muscles,  those  from  skin,  tendons,  and  joints 
are  respectively  involved.  Goldscheider  {Gesammelte  Ahhand- 
lungen  ii.,  Muskelsinn,  Leipzig,  1898)  has  made  use  of  the  fact 
that  when  an  induced  current  is  passed  through  the  first  joint 
of  a  finger — by  means  of  sponge  electrodes — both  this  and  the 
other  parts  of  the  finger  become  hypsesthetic.  By  a  series  of 
ingenious  experiments  he  has  shown  that  the  sensations  derived 
from  joints  are  of  the  utmost  importance  in  relation  to  move- 
ments ;  in  fact,  that  "  the  sensibility  of  the  joint  takes  the  lion's 
share  in  the  sensation  of  movement"  (p.  28,  loc.  cit). 

Taken  in  its  broad  sense  the  muscular  sense  affords  us  sen- 
sations of  (i.)  active  movement,  (ii.)  passive  movement,  (iii.) 
feeling  of  weight  and  resistance  to  movement,  (iv.)  posture 
{Goldscheider). 

34.  Muscular  sense. 

(a)  With  the  arm  and  hand  unsupported,  the  eyelids  closed,  and  the 
same  precautions  as  in  35  (a),  determine  the  smallest  difference  which  can 
be  perceived  between  two  weights.  It  will  be  less  than  in  gun  cartridges 
(Gcdton)  filled  with  a  known  weight  of  shot,  and  tested  by  the  pressure- 
sense  alone.  The  cartridges — e.g.,  loo  grms. — are  numbered,  and  they  are 
so  made  as  to  have  a  small  increasing  increment  of  weight.  They  are  alike 
in  external  appearance. 
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(5)  Take  two  equal  iron  or  lead  weights ;  heat  one  and  leave  the  other 
cold.     The  cold  one  will  feel  the  heavier. 

(c)  Lift  a  weight  slowly  and  then  quickly.  It  seems  heavier  when  lifted 
slowly. 

[See  Waller,  "  Sense  of  Effort,"  Brain,  xiv.,  and  Joum.  of  Phys.,  xiii.] 

35.  Lifting  weights  ("Weber's  law,  1851).— (cs)  Weber  found 
in  lifting  weights  that  the  just  perceptible  difference  in  the 
weights  was  not  a  constant  amount,  but  was  a  constant  fraction 
of  the  weight  lifted.  Thus  he  found  that  for  a  weight  of  32 
drachms  the  average  difference  was  3  drachms,  and  for  a  weight 
of  32  ozs.  the  just  perceptible  difference  was  3  ozs. 

(5)  False  judgment  of  weight. — Three  cylinders  of  equal  weight  but  un- 
equal volume  are  placed  before  a  person,  who  with  eyes  open  is  to  lift 
each  in  turn  and  estimate  their  relative  weights.  As  a  rule,  the  largest 
is  estimated  to  be  lightest,  and  the  smallest  to  be  the  heaviest.  The  illu- 
sion disappears  when  one  does  the  same  with  the  eyes  averted. 

36.  Sternberg's  experiment  (Illusory  movement  in  an  immovable 
digit). — (a)  Press  the  tips  of  the  thumb  and  three  outer  fingers  on  the 
edge  of  a  table,  or  on  a  book,  so  that  they  are  fully  extended,  leaving  the 
index  unsupported  and  free.  Fully  flex  the  index  finger  except  at  the  end 
joint.  The  last  joint  is  still  movable — test  with  other  hand — although  it 
is  impossible  for  anatomical  reasons  to  move  it  voluntarily.  Close  the 
eyes  and  try  to  move  the  end  joint ;  one  has  a  sensation  of  motion,  although 
no  actual  motion  takes  place — i.e.,  one  believes  that  the  movement  intended 
is  actually  carried  out.  Of  course  the  tendons  of  the  wrist  and  many 
muscles  are  active.  Formerly  this  experiment  was  regarded  as  indicating 
a  "sense  of  innervation."  It  would  appear,  however,  that  the  feeling  of 
effort  depends  far  more  on  peripheral  than  central  changes. 

(6)  Exner'a  illusion.  — Bite  an  unyielding  plate — e.g. ,  ebonite — and  observe 
feeling  of  penetration,  although  no  actual  penetration  or  movement  is 
effected. 

37.  Sensation, of  motion  of  joints. — (a)  Passive  motion  at  dhow. — The 
arm  of  A  rests  on  an  arm-board  exactly  counterpoised.  A  closes  his  eyes 
and  B  gives  the  arm  a  slow  passive  movement  by  pulling  on  the  counter- 
poise. A  has  to  state  when  he  first  feels  the  motion  of  the  forearm.  Read 
off  the  angular  movement  necessary  to  get  the  first  noticeable  sensation  of 
movement — best  felt  in  the  hand. 

(6)  Active  movement  of  ungual  phalanx. — Fix  with  court  plaster  a 
straw  to  the  nail  of  the  ungual  phalanx  of  the  middle  finger.  The  straw 
and  third  phalanx  =115  ™™-  "  Rest  the  hand  on  a  thick  book,  letting  the 
last  joint  of  the  finger  extend  beyond  the  edge.  Set  up  a  millimetre  scale 
at  right  angles  with  the  straw.  Close  the  eyes  and  make  the  least  possible 
flexion  of  the  finger  at  the  last  joint,  while  someone  notes  its  extent  on  the 
scale  "  (2  mm.  =  1°  angular  measure)  (Sanford). 

38.  Resistance. — Touch  an  object  with  a  pencil  held  in  the  hand. 
A  peculiar  sensation  referred  to  the  extreme  end  of  the  pencil  is  felt — 
viz.,  the  resistance  to  the  movement  of  the  pencil.  It  is  not  due  to  the 
complex  of  sensations  derived  from  contact  with  the  skin  and  sensations 
from  muscles. 

The  skin  sensations  are  not  the  essential  factors,  for  let  the  pressure  on 
the  skin  be  increased  to  the  utmost  the  sense  of  resistance  is  undisturbed. 
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The  resistance  is  felt  equally  whether  the  pencil  be  grasped  lightly  or  as 
tightly  aa  possible. 

Place  a  rubber  air  cushion  over  the  end  joint  of  a  finger,  and  over  this 
a  string  carrying  a  weight.  The  air  pad  reduces  the  pressure  to  an 
extremely  small  amount,  yet  on  lifting  the  weight  the  resistance  is  plainly 
felt. 

Even  with  the  cutaneous  sensibility  almost  entirely  lost  in  the  tip  of 
the  finger,  a  touch  of  the  finger  on  the  table  is  felt  with  little  loss  of 
intensity,  so  that  the  sensation  of  resistance  is  independent  of  pressure 
(Goldscheider,  Gesamrndte  AbhancUungen,  ii.,  1898). 

39.  Resistance  paradoxes. — (a)  Tie  a  heavy  weight  to  a  string  (length 
of  string  unknown  to  B ;  eyes  closed).  Hold  the  weight  by  the  string, 
lower  it  rather  rapidly  till  it  rests  on  a  cushion  or  bag  of  sand.  On  impact 
B  feels  a  distinct  resistance  to  the  movement  as  if  the  hand  were  supported 
by  a  rod.  It  is  due  to  the  sudden  release  of  muscular  strain  whereby 
the  muscles  themselves  produce  pressure  on  the  articular  surfaces  of  the 
joints. 

(6)  Du  Bma-Reymcmd's  experiment. — Hold  an  elastic  cord  or  rubber 
band  between  finger  and  thumb  of  the  hand;  then  stretch  and  relax  it 
three  or  four  times.     At  sudden  relaxation,  a  sudden  blow  is  felt. 


LESSON   LXXX. 


TASTE— SMELL— HEARING — COMPENSATORY 
MOVEMENTS— STEREOGNOSTIC     SENSE. 

TASTE. 

Taste  and  smell  usually  act  together  and  have  been  called 
"chemical  senses."  Touch  and  taste  are  closely  allied.  The 
four  qualities  of  true  taste  are^ — sweet,  sour  or  acid,  bitter,  and 
salt — all  quite  distinct  and  distributed  in  a  punctiform  manner 
over  the  dorsum  of  the  tongue.  Though  the  papillae  are  anato- 
mically distinct,  one  papilla  may  respond  to  more  than  one  of 
these  stimuli.  Besides  these  specific  tastes,  the  tongue  responds 
to  touch  or  pressure,  temperature,  and  pain.  What  is  some- 
times called  taste  is  in  reality  more  frequently  due  to  smell. 

1.  Close  the  nostrils,  shut  the  eyes,  and  attempt  to  distinguish 
by  trtste  alone  between  an  apple  and  a  potato,  or  between  water 
and  weak  so],ution  of  essence  of  cloves  in  water. 

2.  Distribution  of  taste. — Prepare  a  strong  solution  of  sulphate  of 
quinine,  with  the  aid  of  a  little  sulphuric  acid  to  dissolve  it  (hitter),  a 
5  p.c.  solution  of  sugar  (sweet),  a  10  p.c.  solution  of  common  salt  (aaline). 
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and  a  I  p.c.  solution  of  acetic  acid  {acid).    Uae  camel-hair  brushes  to  apply 
these  solutions  to  the  tongue. 

(a)  Wipe  the  tongue  dry,  lay  on  its  tip  a  crystal  of  sugar. 
It  is  not  tasted  until  it  is  dissolyed. 

(6)  Apply  a  crystal  of  sugar  to  the  tip  and  another  to  the 
back  of  the  tongue.  The  sweet  taste  is  more  pronounced  at 
the  tip. 

(c)  Repeat  the  process  with  sulphate  of  quinine-  in  solution. 
It  is  scarcely  tasted  on  the  tip,  but  is  tasted  immediately  on 
the  back  part  of  the  tongue. . 
I  (d)  Test  where  salines  and  acids  are  tasted  most  acutely. 

3.  Taste  reaction  of  single  papilla. — Prepare  strong  and  weak  solu- 
tions of  sugar  (20  and  40  p.o.),  common  salt  (2  p.c.  and  sat.  sol.),  tartaric 
acid  (O'S  and  8  p.c),  quinine  (-002  and  2  p.c).  Five  camel-hair  brushes, 
and  distilled  water  for  washing  these.  Water  to  rinse  mouth.  Hand  lens 
fixed  in  support. 

(a)  The  person  to  be  observed  (A)  protrudes  his  tongue,  and  B  selects 
a  fungiform  papilla  on  the  tip  or  sides  of  the  tongue.  Let  B  use  the  lens 
to  magnify  the  selected  papillae.  B  applies  for  two  seconds  to  a  papilla, 
in  any  order,  with  the  point  of  a  camel-hair  brush  moistened  with  one  of 
the  solutions,  and  A  indicates  the  taste.  One  papilla  may  respond  to 
several.  The  mouth  must  be  rinsed  with  distilled  water  before  another 
stimulus  is  applied.  In  this  way  several  papillae  may  be  investigated. 
Record  results. 

(6)  If  a  papilla  is  found  that  responds  to  bitter,  paint  it  with  cocaine. 
This  abolishes  the  bitter  taste,  while  the  others  remain. 

(c)  If  one  be  found  to  be  very  sensitive  to  sweetness  besides  others, 
paint  it  with  saturated  alcoholic  solution  of  gymnemic  acid.  The  sweet 
taste  alone  is  abolished. 

4.  Electrical  taste. — (a)  Till  one  vessel  with  saturated  solution  of 
NaCl  and  another  with  ordinary  water.  In  each  place  a  platinum  elec- 
trode connected  with  a  battery  through  a  commutator  and  key. 

Fold  oi  piece  of  blotting-paper,  dip  it  in  the  water  vessel,  and  place  a 
finger  in  the  salt  solution.  Apply  the  tongue  to  the  paper.  During  the 
flow  of  the  current  there  is  an  acid  taste  when  the  tongue  electrode  is 
the  anode. 

(5)  Connect  two  zinc  terminals  with  a  large  Grove's  battery,  apply  them 
to  the  upper  and  under  surface  of  the  tongue,  and  pass  a  constant  current 
through  the  tongue.  An  acid  taste  will  be  perceived  at  the  positive,  and 
an  alkaline  one  at  the  negative  pole. 

5.  Drugs. — {a)  Cocaine  ore  pain  sense. — Press  a  needle  on  the  tongue  and 
note  the  pressure  at  which  a  sensation  of  pain  is  felt.  With  a  camel-hair 
pencil  paint  the  part  with  cocaine.  Find  the  stage  at  which  the  pain  sense 
is  lost,  but  touch  (pressure)  is  still  present. 

G-ymnema  sylvestris.— Use  a  5  p.c.  decoction  of  the  leaves  and  apply 
it  to  limited  areas  of  the  tongue  by  means  of  a  camel-hair  pencil.  In  20  to 
30  seconds  wash  out  the  mouth  and  then  test  the  action  of  glycerin  (5  to 
10  p.c),  quinine  (i  p.c.  with  '01  p.c.  of  H2SO4),  H2SO4  ('S  p.c),  NaCl 
(•S  p.c). 

The  sweet  and  bitter  tastes  are  readily  prevented  in  all  regions,  but 


582  PKACTICAL  PHYSIOLOGY.  [lXXX. 

acid  and  saline  tastes  are  not  influenced  (L.  E.  Shore,  "  A  Contribution  to 
our  Knowledge  of  Taste  Sensations,"  Jowm.  of  Phys.,  xiii.,  191).  It  has 
no  effect  on  tactile  sensations. 

SMELL. 

Olfactory   sensations Most  of  our  food  is  really  tasteless, 

and  what  we  call  "  flavour "  depends  far  more  on  smell  than 
taste,  so  that  many  tastes  are  really  "  taste-smell  complexes." 

6.  Field  of  smell. — Breathe  through  the  nostrils  on  a  cold 
metallic  mirror,  or  on  a  cold  bright  tin  plate,  and  observe  the 
form  of  the  two  distinct  breathing  fields.  Each  is  soon  seen 
to  be  divided  obliquely.    Mark  shape  of  field. 

7.  Course  of  odours  in  nose. — (a)  Hold  a  paper  funnel  over 
some  olfactory  substance  and  insert  one  end  of  the  funnel  into 
the  posterior  half  of  a  nostril.  One  smells  nothing.  Place  it 
in  anterior  half;  at  once  one  smells  the  substance  {A.  Fick). 
The  respiratory  passage  is  below,  the  olfactory  above. 

(6)  A  piece  of  camphor  held  under  the  nostrils  is  not  smelled 
until  one  inspires. 

8.  Exhaustion  of  sense  of  smell. — Smell  tincture  of  iodine  or 
spirits  of  camphor  by  one  nostril  until  it  ceases  to  excite  smell ; 


Fig.  449.— Single  olfactometer  of  Zwaardemaker.       Fig.  450.— Double  olfactometer  of  Z. 
Made  by  Zimmermann.  Made  by  Fetzold. 

plug  other.  Note  time.  Test  now  if  clove  oil  can  be  smelled. 
The  smell  sense  is  easily  and  rapidly  fatigued.  Or  is  it  adap- 
tation ?     How  soon  does  the  sense  return  ?    Try. 
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9.  Change  in  ctuallty  before  exhaustion. — Breathe  in  through  one 
nostril  and  expire  by  the  mouth,  (a)  Nitrobenzole.  One  smells  first 
heliotrope,  then  bitter  almonds,  then  that  of  rubber  tubing  or  benzine. 

10.  Olfactometer  of  Zwaardemaker — single  or  double  (figs.  449,  450). — 
The  curved  end  of  the  tube— protected  by  a  cherry-wood  shade — is  inserted 
into  the  nostril,  while  the  other  end  of  the  tube  is  covered  with  a  new 
rubber  tube  protected  by  an  outer  glass  tube  or  by  a  cylinder,  impregnated 
with  some  olfactory  substance.  The  rubber  tube  or  cylinder  can  be  pushed 
over  the  tube  from  zero,  and  thus  a  longer  or  shorter  length  of  the  cylinder 
has  to  be  traversed  by  the  inspired  air. 

Place  tube  in  front  part  of  nostril  and  inhale  steadily,  altering  position 
of  cylinder  until  the  limen  of  smell  is  obtained.  The  tube  is  graduated  in 
"oBaoties"  (Zwaardemaker,  Die  Physiologie  des  Geruchs,  Leipzig,  1895). 
Breathe  out  by  mouth.     Use  a  new  tube  of  india-rubber  as  a  cylinder. 


EAR  AND  SOUND. 

11.  Dissection  of  middle  ear. — It  is  most  important  for  the 

student  to  do  tliis.      Use  the  head  of  a  sheep.      Remove  the 

lower  jaw,  expose  the  temporal  hulla.      Open  this  and  thus 

•  reach  the  tympanic  cavity,  when  the  various  structures  situated 

in  the  middle  ear  are  readily  brought  into  view. 


Fig.  451. — Exner's  model  of  the  middle  ear  adjusted  witli  a  Ednig's  capsule. 

12.  Exner's  model  of  middle  ear  (fig.  451)  consists  of  a  drum ;  a  box — 
provided  with  a  window — represents  the  tympanic  cavity,  with  a  mem- 
brane at  one  end  to  represent  the  tympanic  membrane.  The  inner  surface 
of  this  is  connected  by  means  of  a  rod — representing  the  chain  of  ossicles 
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— with  another  membrane  at  the  other  end  to  represent  the  fenestra 
ovalia.  This  second  membrane  acts  like  the  plate  in  a  Konig's  capsule, 
which  is  placed  behind  the  wooden  box.  The  gas  in  the  Konig's  capsule 
represents  the  perilymph  of  the  inner  ear.  The  flame  of  the  capsule  is 
reflected  in  a  revolving  mirror,  and  thus  its  vibrations  are  made  visible. 
One  can  show  diminution  of  hearing  during  contraction  of  the  Tensor 
tympani  (a  cord  is  attached  to  the  part  representing  the  malleus),  a 
similar  diminution  on  opening  the  Eustachian  tube,  hearing  through  the 
cranial  bones,  increase  of  the  sounds  transmitted  through  the  cranial 
bones  when  the  outer  auditory  meatus  is  closed,  and  diminution  when  the 
Eustachian  tube  is  opened.  The  apparatus  is  made  by  Castagna  of 
Vienna. 

13.  Hearing. 

(a)  Hold  a  ticking  watch  iDetween  your  teeth,  or  touch  the 
upper  incisors  with  a  vibrating  tuning-fork,  close  both   ears, 
and  observe  that  the  ticking  is  heard  louder.     Unstop  one  ear, 
and  observe  that  the  ticking  is  heard  louder  in 
the  stopped  ear. 

(6)  Hold  a  vibrating  tuning-fork  on  the  incisor 
teeth  until  you  cannot  hear  it  sounding.  Close 
one  or  both  ears  and  you  will  hear  it. 

(c)  Listen  to  a  ticking  watch  or  a  tuning-fork 
kept  vibrating  electrically.  Close  the  mouth  and 
nostrils,  and  take  either  a  deep  inspiration  or 
'  deep  expiration  so  as  to  alter  the  tension  of  the 
air  in  the  tympanum  ;  in  both  cases  the  sound  is 
diminished. 

{d)  Connect  two  telephones  in  circuit  with  a 
vibrating  Neef's  hammer  of  an  induction  machine, 
and  place  a  telephone  to  each  ear  ;  one  hears  the 
sound  as  if  it  came  from  within  one  own's  head 
in  the  vertical  median  plane.  ' 

(e)  With  a  blindfolded  person  test  his  sense  of 
the  direction  of  sound — e.g.,  by  clicking  two  coins 
(Jaitonlwhistie.  together.  It  is  very  imperfect.  Let  a  person 
press  both  auricles  against  the  side  of  the  head, 
and  hold  the  hands  vertically  in  front  of  each  meatus.  On  a 
person  making  a  sound  in  front,  the  observed  person  usually 
refers  it  to  a'position  behind  him. 

(/)  Test  the  highest  audible  sound  by  means  of  Galton's 
whistle  (fig.  452). 

(g)  Insert  in  the  ears  the  openings  of  an  elastic  tube,  i  cm.  in  diameter. 
Strike  a  tuning-fork  and  arrange  it  on  the  tube  so  that  the  sound  appears 
equally  intense  in  the  two  ears.  It  will  be  located  about  midway  between 
the  ears.     Pinch  the  tube  on  one  side — say  left — of  the  vibrating  fork,  and 


LXXX.] 


TOUCH — SMELL — HEARING. 


585 


wait  till  the  sound  becomes  faint.     Oppn  the  left  tube,  the  sound  seems 
louder  on  the  left  than  the  right,  and  is  referred  to  the  left  ear. 

{h)  Place  a  watch  at  such  mstance  from  the  ear  that  one  can  just  hear  it 
ticking.  Listen,  one  does  not  hear  the  ticking  uninterruptedly,  but  there 
are  regular  periods  when  one  fails  to  hear  it  at  all,  due  to  variations  and 
fatigue  of  one's  attention  (?) — 
i.e.,  marked  intermittences  of 
sound  on  the  limit  of  audibility. 

(i)  Fechiier's  experiment  onun- 
conscious  (unnoticed)  psychical 
processes.  —  Bring  a  vibrating 
tuning-fork  near  a  person's  ear 
and  ask  him  to  indicate,  by  a 
movement  of  the  hand,  when 
he  ceases  to  hear  its  sound. 
At  once  then  remove  the  tuning- 
fork.  The  person  notices  that 
all  appears  quieter.  He  will 
hear  the  still  vibrating  tuning- 
fork  if  it  be  brought  into  its 
original  position, 

14.  Semicircular  canals. — 
The  following  models,  devised 
byExner  and  made  by  Castagna, 
are  very  useful : — 

(a)  On  rotating  the  model 
(fig.  453)  on  a  vertical  axis,  one 
sees  how  the  hairs  are  dragged 
through  the  fluid,  indicating 
the  extent  of  the  rotation. 

(6)  Exner'a  model  jor  otoliths  (fig.  454)  to  indicate  the  acceleration  of 
movement  {Das  Rdlhsel  d.  Brieftavhev,  Vienna,  1892 
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•Exner's  model  of  the  hairs  in  ampullee 
of  the  semicircularcanals. 


Fig.  454. — Exuer's  model  to  show  movement  of  otoliths  in  three  planes. 

15.  Compensatory  movements. — (a)  Place  a  frog  on  a  horizontal  turn- 
table, and  revolve  it,  not  too  rapidly.     The  frog  turns  its  head  to  one  side 
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in  the  direction  opposite  to  that  of  the  revolution,  and  this  side-inclined 
position  is  retained  as  long  as  the  rotation  is  kept  up.  Suddenly  stop  the 
revolution,  the  frog  moves  its  head  back  not  only  beyond  the  mid-plane, 
but  now  in  the  direction  of  rotation. 

"  After-eflfeot." — In  a  few  seconds  the  head  returns  to  its  normal  posi- 
tion. If  "hooded,"  it  makes  no  compensatory  movements  (Oyon),  Or, 
float  a  flat  piece  of  cork  in  water,  and  on  the  cork  place  a  frog.  Gently 
turn  the  cork  by  hand,  and  observe  th^iaovements  of  the  frog. 

(6)  Pigeons  show  the  same  henAmffoi  head  as  in  frog.  Breuer  has 
called  it  a  "reaction  movement,"  hfethe  head  is  not  retained  at  an  angle 
with  the  trunk,  it  jerks  its  hea^i&k  suddenly  in  the  direction  of  the 
rotation  of  the  table — "nystaguMs  Bferk."  Immediately  the  head  moves 
again  slowly  and  steadily  oppositS^  to  direction  of  body  revolution.  This 
is  called  "reaction  phase."  Head  is  again  jerked  back,  and  so  on,  each 
phase  being  followed  by  a  nystagmus  phase.  The  result  is  a,  series  of 
pendulous  movements  in  a  horizontal  plane — quick  convulsive  reflex  in 
one  direction,  slow  compensatory  in  the  opposite.  Gradually  the  move- 
ments cease.  Stop  rotation.  The  pigeon  turns  its  head  in  direction  of 
rotation  past  the  mid-plane,  and  then  shows  marked  rapid  after- 
nystagmus.  If  the  head  be  held,  the  eyes  show  corresponding  move- 
ments. 

(c)  Mouse. — Revolve  it  in  horizontal  plane ;  it  runs  in  circles  opposite 
to  direction  of  revolution.  A  horse  placed  on  a  horizontal  moving  plate, 
in  a  radial  direction,  does  likewise  with  its  forefeet — a  phenomenon  that  is 
sometimes  exhibited  in  a  circus.  Compensation  is  by  locomotion.  Insects 
behave  like  vertebrates  (Loeb).  They  have  neither  semi-circular  canals 
nor  otocysts  (E.  P.  Lyon,  "Compensatory  Motions,"  Amtr.  Joum.  of 
Phys.,  iii.,  86,  1899). 

[The  rotation  experiments  of  Maoh,  Breuer,  and  Crum  Brown  (Jowm.  of 
Anat.  and  Phys.,  viii.,  1874)  are  omitted  here.] 

16.  Stereoguostic  sense  or  the  power  of  recognising  the  nature 
of  a  body  by  feeling  it,  or  rather  by  handling  it.  It  is,  how- 
ever, the  result  of  the  action,  joint  or  combination,  of  many 
senses.  The  sensations  are  correlated  in  the  cerebrum.  Its  loss 
may  be  due  to  peripheral  or  central  lesions,  and  these  cases 
show  that  pressure,  localisation,  and  muscular  senses  are  the 
most  important  senses  involved. 

17.  Influence  of  excitation  of  one  Sense-Organ  on  the  other 
Sense-Organs. — Urbantschitsch  has  made  a  large  number  of 
experiments  on  this  subject  {Pfliiger's  Archiv,  xlii.,  154). 

(a)  Small  coloured  patches  whose  shape  and  colour  are  not  distinctly 
visible  may  become  so  when  a  tuning-fork  is  kept  vibrating  near  the  ears. 
In  other  individuals  the  visual  impressions  are  diminished  by  the  same 
process. 

(6)  On  listening  to  the  ticking  of  a  watch,  the  ticking  sounds  feebler  or 
stronger  on  looking  at  a  source  of  light  through  glasses  of  different 
colours. 
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(c)  If  the  finger  be  placed  in  cold  or  warm  water,  the  temperature 
appears  to  rise  when  a  red  glass  is  held  in  front  of  the  eyes. 

{d)  Sounds  on  the  limit  of  audibility  became  audible  when  lights  of 
various  colours  were  admitted  to  the  eye. 

It  would  seem  that  the  cerebral  processes  associated  with  the 
first  sensation  are  afiected — reinforced  or  enfeebled — by  new 
'incoming  currents.     The  explsbnation  seems  to  be  best  effected 
on  physiological  grounds. 
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A.— WORKS  OF  REFERENCE. 
I.     USEFUL     IN     THE     LABORATORY. 

R.  Wagner,  HandwBrterbuoh  d.  Physiologie,  1842 -53. —  Todd  and 
Bowman,  Cyclopedia  of  Anatomy  and  Physiology.  —  R.  Gscheidlen, 
Physiologiache  Methodik,  1876  (incomplete). — E.  Cyon,  Methodik  der 
physiologischen  Experimente  u.  Vivisektionen,  with  Atlas,  1876  (only  one 
part  issued).— Ott,  The  Actions  of  Medicines,  Phil.,  1878.— Claude  Ber- 
nard and  Hueite,  Precis  iconographique  de  mfedecine  operatoire  et 
d'anatomie  chirurgicale,  with  113  plates,  1873  ;  also  Legons  de  physiologie 
operatoire  (edited  by  Duval),  Paris,  1879.- Sanderson,  Foster,  Klein,  and 
Brunton,  Handbook  for  the  Physiological  Laboratory  (Text  and  Atlas). 
The  French  edition  contains  additional  matter. — Meade-Smith,  Trans,  of 
Hermann's  Toxicol.  —  J.  Burden  -  Sanderson,  Practical  Exercises  in 
Physiology,  London,  1882. — Foster  and  Langley,  Pract.  Phys.,  7th 
edition,  London,  1899. — B.  Stewart  and  Gee,  Pract.  Physics. — Vierordt, 
Anat.  Physiol,  u.  Physik.  Daten  u.  Tabellen,  Jena,  1888. — Miiller- 
Pouillett,  Lehrb.  d.  Physik.,  8th  ed.,  Braunschweig. — Wiillner,  Lehrb.  d. 
exp.  Physik.,  5th  ed.,  1 894-97. ^Livon,  Manuel  de  Vivisect.,  Paris,  1882. 
— Harris  and  Power,  Manual  for  the  Phys.  Lab.,  5th  ed.,  1892. — Straus- 
Durokheim,  Anat.  desorip.  comp.  du  chat,  Paris,  1845.— W.  Krause,  Die 
Anatomie  des  Kaninchen,  Leipzig,  2nd  ed.;  1833. — A.  Eoker  and  R. 
■Wiedersheim,  new  edition  by  E.  Gaupp,  Die  Anatomie  des  Frosches, 
1882,  2nd  ed. ;  3rd  ed. ,  1896-99  ;  English  translation  of  2nd  ed.  (G.  Haslam). 
— OntheCat.— Mivart  (1881).— Wilder  and  Gage  (1882).— Levy-Dorn,Cen- 
tralbl.  f .  Physiol. ,  1895.  — EUenberger  and  Baum,  Die  Anatomie  des  Hundes. 
— Biolog.  Memoirs,  edited  by  Burdon- Sanderson. — Helmholtz,  Physiol. 
Optik,  2nd  ed.  —  Hermann,  Handbuch  der  Physiologie  (by  various 
authors). — Gad,  Real-Lexikon  d.  Med.  Propadeutik,  Wien,  1893. — L. 
Frederioq,  Manipulations  de  Physiologie,  1892. — Langendorff,  Physiol. 
Graphik. — Gotch,  Practical  Exercises  in  Physiology. — Halliburton,  Sylla- 
bus of  Experimental  Lessons,  1893. — Sohenok,  Physiologisches  Practioum, 
Stuttgart,  1895. — W.  Biedermann,  Elektrophysiologie,  Jena,  1895  (trans- 
lated by  Miss  Welby). — Riohet,  Diotionnaire  de  Physiologie,  vol.  i.,  Paris, 
1895  (not  yet  completed). — L.  Hermann,  Physiologisches  Practioum, 
Leipzig,  1898. — Goldsohelder,  Gesammelte  Abhandlungen,  2  vols.,  Leip- 
zig, 1898.  Deals  chiefly  with  physiology  of  cutaneous  nerves  and  muscular 
sense. — Aubert,   Grundziige    de   phys.    Optik,    Leipzig,    1876. — WaUer, 
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Exercises  in  Practical  Physiology,  1877. — Brodie,  Essentials  of  Experi- 
mental Physiology,  1898. — De  Burgh  Birch,  Practical  Physiology,  1899. — 
SoUmann,  Laboratory  Exercises,  Cleveland,  Ohio,  1900. — W.  T.  Porter, 
Introduction  to  Physiology,  Cambridge,  Mass  ,  1901. — "W.  S.  Hall, 
Laboratory  Guide  in  Physiology,  Chicago,  1898. — J,  G.  M'Kendrlok, 
Life  in  Motion  (Muscle  and  Nerve),  1892. — Raphael  Dubois,  Lemons  de 
Physiologic,  Paris,  1900. — Marey,  La  methode  graphique,  Paris,  1878, 
and  last  ed.,  1885;  also,  Trait4  de  physique  biologique  (by  various 
authors),  1901. 
The  above  list  takes  no  account  of  the  various  Physiological  Journals. 

II.  ON  CHEMICAL  PHYSIOLOGY. 

Tiedemann  and  G-melin,  Die  Verdauung  nach  Versuchen,  1831. — 
Bidder  and  Schmidt,  Die  Verdauungssafte  u.  d.  Stoflfwechsel,  1852. — 
Kiihne'a Lehrbuch d.  physiol.  Chem.,  1864. — Hoppe-Seyler,  Physiologische 
Chemie,  Berlin,  1892-94. — Hoppe-Seyler  and  Thierfelder,  Handbuch  d. 
physiol.  Chemie,  1895. — Lehmann,  Lehrb.  d.  phys.  Chem.,  3rd  ed., 
Leipzig,  1853;  and  Handbuch,  1859. — Leo.  Liebermann,  Gnindzilge  der 
Chemie  des  Menschen,  Stuttgart,  1880. — Robin  and  Verdeil,  Traits  de 
chem.  anat.  et  phys.  (with  Atlas),  Paris,  1853.  This  Atlas  contains 
beautiful  plates  with  figures,  many  coloured,  of  all  the  most  important 
organic  crystalline  bodies. — A.  Wynter  Blyth,  Foods,  1887. — Gorup- 
Besanez,  Anleitung  zur  Zoo-chemischen  Analyse,  1871. — Qautier,  Chimie 
appliqu6  k  la  Physiologie,  1874.— Lehmann's  Phys.  Chem.  (translated  by 
Cavendish  Soc,  1851-1854),  with  Atlas  of  0.  Eunke's  plates.  These  plates 
contain  some  histological  figures,  and  many  coloured  plates  of  blood- 
crystals,  deposits  in  urine,  &c.  —  Eingzett,  Animal  Chem.,  1878. — 
Thudlohum,  Ann.  of  Chem.  Med.,  1879. — A.  Gamgee,  Physiological 
Chemistry  of  the  Animal  Body,  vol.  i.,  1880 ;  vol.  ii.,  Cheniistry  of  Diges- 
tion, 1893.— Munk  and  Uffelmann,  Die  Emahrung  d.  gesunden  Menschen, 
3rd  ed.,  1895. — ^Hoppe-Seyler,  Medicinische  Chemische  Untersuchungen, 
Berlin.  This  contains  a  number  of  special  memoirs  by  the  pupils  of  the 
author. — Hoppe-Seyler,  Zeitsohrift  fiir  physiologische  Chemie,  Strass- 
burg,  1877,  and  continued  by  Kossel. — Watts'  Dictionary  of  Chemistry, 
second  supplement,  London,  1875. — Ralfe,  Clinical  Chemistry,  London, 
1880;  and  Clinical  Chem.,  1S83.— Wurtz,  TraitS  de  chim.  biol. ,  Paris, 
1880.  —  Parkes'  Hygiene. — T.  O.  Charles,  Physiological  and  Patho- 
logical Chemistry,  London,  1884. — Maly's  Jahresb.  u.  Thierchemie. 
This  gives  a  r4sum4  of  the  most  important  memoirs  published  during  the 
■year. — Articles  in  Hermann's  Handbuch  d.  Physiologic,  1879-1884,  and 
the  various  Text-books  on  Organic  Chemistry. — Roscoeand  Sohorlemmer, 
(Organic)  Chem.,  1884- 1889. — Beilstein,  Handb.  d.  organ.  Chem.,  3rd  ed., 
1892-1900.  —  Krukenberg,  Grundriss  d.  med.  chem.  Analyse,  1884. — 
MacMunn ,  The  Spectroscope  in  Medicine,  1 880 ;  Clinical  Chemistry,  1 890.  — 
Dreohsel,  Anleit.  z.  Darstell.  phys.  Chem.  Praparate,  1889. — Ladenburg, 
Handworterbuch  d.  Chemie.  This  consists  of  special  articles,  and  is  on  the. 
plan  of  Watts' Dictionary  of  Chemistry. — Kossel,  Leitfaden  fiir  med.  chem. 
Curse,  4th  ed.,  1898. — Rohmann,  Anleitung  z.  chem.  Arbeiten,  1890. — 
Landolt,  Das  optisches  Drehungsvermogen  is  the  standard  work  on  polari- 
scopic  methods. — MacMunn,  On  the  Spectroscope.  This  work  has  good 
lithographed  and  coloured  spectra. — ToUens,  Handbuch  d.  Kohlenhydrate, 
Breslau,  2nd  ed.,  1898.     This  is  the  best  work  on  the  Carbohydrates.,— 
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Sutton,  Volumetric  Analysig. — Neubauer  and  J.  Vogel,  Anleit  z.  quan.  u. 
qual.  Analyse  d.  Harns,  9th  ed.,  by  Huppert  and  Thomas,  1898.  This  is  a 
standard  work  on  urinary  analysis.  This  work  gives  all  the  most  important 
methods  for  this  process. — Bunge,  Phys.  and  Path.  Chem.,  trans,  by 
Wooldridge,  1890,  4th  German  ed.,  189S. — V.  Jaksoh,  Clinical  Diagnosis, 
trans,  by  Cagney,  4th  ed. — Simon,  CHnioal  Methods,  and  ed.;  Clinical 
Diagnosis,  3rd  ed.,  London,  1901. — E.  Fiselier,  Einleitung  d.  Darstellung 
organ.  Pr'iparate,  5th  ed.,  1896. — F.  G.  Novy,  Physiological  Chemistry, 
Ami  Arbor,  1898.— John  A.  Mandel,  Handbuch  f.  d.  ohem.-phys. 
Lab.,  German  ed.,  Berlin,  1897. — Fr.  Kriiger,  Lehrbuoh  d.  physiol. 
Chemie,  1898.  — Lenhartz,  Mikroskopie  u.  Chemie  am  Krankenbett,  3rd 
ed.,  1901. — Halliburton,  Chemical  Phys.  and  Path.,  1891,  and  Essentials 
of  Chemical  Physiology,  3rd  ed.,  1899. — Hammarsten,  Lehrb.  d.  Physiol. 
Chem.,  4th  ed.,  Wiesbaden,  1899  (translated  by  John  A.  Mandel),  3rd  ed., 
New  York,  1900. — S.  Lea,  The  Chemical  Basis  of  the  Animal  Body,  1892. 
— Salkowski,  Practioum  d.  phys.  a  path.  Chemie,  Berlm,  2nd  ed.,  igoo. — 
Armand  Gautier,  Cours  de  Chemie;  Chimie  Biologique,  vol.  iii.,  Paris, 
1892. — Hempel,  Gas  Analyse,  translated  by  L.  M.  Dennis. — Neumeister, 
Lehrb.  d.  phys.  Chem.,  2nd  ed.,  1897. — Oliittenden,  Digestive  Proteolysis, 
New  Haven,  Conn.,  1895. — Arthus,  Elements  de  Chemie  Physiologique, 
2nd  ed.,  1897. — Oohnhelm,  Chemie  der  Eiweisskorper,  1900,  translated  by 
G.  Mann,  igoi. — G.  Euppel,  Die  Protel'ne,  Marburg,  1900. — Franz 
Hofmeister,  Beitrage  x,.  Chem.  physiologie  u.  Path.,  Braunschweig, 
1901.— Eemy,  Enoyclop.  Chimique,  vol.  ix.,  1895.— A.  Slosse,  Chemie 
physiologique,  Brussels,  1896.  —  Eobertson,  CUnieal  Diagnosis,  1896. — 
.Engel  and  Moitessier,  Chimie  biologique,  Paris,  1897. — A.  D.  Waller 
and  W.  L.  Symes,  Physiological  Chemistry,  Part  I.,  1897. — Tappeiner, 
Chemical  Methods  of  Clinical  Diagnosis  (translated  by  E.  J.  M'Weeney), 
London,  1898. — Bottazzi,  Chimioa  fisiologica,  Milan,  1898-99. — Fr.  N. 
Schulz,  Prakticum  d.  phys.  Chemie,  Jena,  1901. 

The  literature  on  the  "Urine "is  necessarily  very  large,  and  may  readily 
be  obtained  on  consulting  any  of  the  standard  works  on  that  subject. 

III.    ON  THE  SENSES. 

In  connection  with  the  physiology  and  psychology  of  the  sense  organs, 
the  author  is  largely  indebted  to  the  following  works,  besides  others  men- 
tioned in  the  text : — 

(A)  Vision. — H.  Aubert,  Gnindzuge  d.  physiol.  Optik.,  Leipzig,  1876; 
and  Physiologie  d.  Netzhaut,  Breslau,  1865— G.  T.  Feohner,  Elemente  d. 
Psychophysik,  Leipzig,  1889. — von  Helmholtz,  Handbuch  d.  physiol. 
Optik.,  2nd  ed.,  1896. — E.  Hering,  ZurLehre  v.  Lichtsinne,  Wien,  1878. — 
A.  Hofler  and  S.  Witasek,  Physiologische  Sohulversuoh,  mit  Angaben  d. 
Apparate,  Leipzig,  1900.  (A  small  pamphlet  but  a  useful  guide.  All  the 
apparatus  is  made  by  W.  J.  Kohrbeck's  Nachfolger,  Kartnerstrasse,  59 
Wien,  i.). — W.  James,  Principles  of  Psychology,  1890.— E.  Maoh, 
Contributions  to  the  analysis  of  the  Sensations,  Wien,  1900,  trans,  by 
C.  M.  WiUiams,  Chicago,  1897.  There  is  a  later  German  ed.  Contains 
many  important  observations  besides  those  related  to  vision. — J.  Jeffries, 
Colour-bUndness,  its  dangers  and  detection,  Boston,  1879. — A.  Fick,  Anat. 
u.  Physiologie  d.  Sinnesorgane,  Lahr,  1864. — Ed.  C.  Sanford,  A  course  in 
experimental  psychology,  Pt.  I.  ;  Sensation  and  Perception,  published 
in  Heath's  Pedagogical  Library.      Two  small,   compact,   tersely-written 
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volumes,  that  thoroughly  bear  out  the  motto  on  the  cover,  "Thou  that 
teachest  another,  teaohest  thou  not  thyself,"  1897-98. — E.  W.  Scripture, 
The  new  psychology,  Contemp.  So.  Series,  London,  1897  (deals,  of  course, 
with  the  other  senses). — 0.  S.  Sherrington,  Articles  on  Cutaneous  Sensa- 
tions and  Muscular  Sense  in  Text-book  of  Physiology,  edited  by  E.  A. 
Sohafer,  vol.  ii.,  1900. —E.  B.  Titchener,  Experimental  Psychology: 
Qualitative  (Students'  Manual),  i.,  Quantitative  (Instructors'  Manual),  ii., 
1901.  The  author  is  greatly  indebted  to  this  work  as  well  as  to  that  of 
Sanford.  It  deals  with  all  the  senses. — W.  Wundt,  Lectures  on  human 
and  animal  psychology,  translated  by  Creighton  and  Titchener,  1892  ;  and 
Geomet.  Opt.  Tauschungen,  Leipzig,  1898. 

(B)  CuTANEors  AND  ALLIED  SENSATIONS. — E.  H.  Weber,  Tastsinn  u. 
Gemeingefuhl,  Wagner's  Handworterbuch  d.  Physiologie  (a  classic),  1846. — 
Blix,  Specif.  Energie  d.  Hautnerven,  Zeit.  f.  Biol.,  xx.,  1884. — Max  von 
Frey,  Sinuesfunotion  d.  mensoh.  Haut,  Leipzig,  1898. — Goldsoheider, 
Gesammelte  Abhandlungen,  Leipzig,  1898. 

■  (C)  Smell,  Taste,  and  Heaeing. — M.  von  Tlntschgau,  Hermann's 
Handbuch  d.  Phys.,  iii.,  1880. — A.  Zwaardemaker,  Die  Physiologie  d. 
Geruchs,  Leipzig,  1895.  The  standard  work  on  the  subject.  The  old 
work  of  Cloquet  is  worthy  of  attention. — Helmholtz,  Sensations  of  tone, 
translated  by  A.  J.  Ellis,  1895.  Standard  work.  A  fairly  complete  series  of 
references  is  given  by  Sanford. 


IV.   CHIEF  JOURNALS  AND  PERIODICALS. 

Proceedings  and  Transactions  of  the  Royal  Societies  (Lond.,  Edin.), 
and  others. 

Journal  of  Anatomy  and  Physiology  (Turner  and  others)  from  1868. 

The  Journal  of  Physiology  (Foster,  and  presently  Langley)  since  1878. 

Arohiv  fiir  Anatomie  una  Physiologie  (Miiller  1834  to  1858,  du  Bois- 
Reymond  from  1859).  As  Arohiv  fiir  Physiologie  by  du  B.-R.,  from  1877- 
96,  presently  by  Engelmann. 

Zeitsohrift  fiir  Biologie  (Kiihne  &  Voit  from  1865,  and  presently  by  Voit). 

Arohiv  fiir  die  gesammte  Physiologie  (Pfliiger  from  1868). 

Archiv  fiir  path.  Anat.  und  Physiologie  (Virohow  from  1847). 

Arohiv  fiir  exp.  Path,  und  Pharmacologie  (Naunyn  &  Schmiedeberg  froni 

ip73)- 
"^'Skajidinavisches  Archiv  fiir  Physiologie  (Holmgren  in  1889 — presently 

R.  Tigerstedt). 
Zeitsohrift  fiir  Physiol.  Chemie  (Hoppe-Seyler  from  1877,  presently  by 


Zeitschrift  fur  Psychologie  und  Physiologie  der  Sinnesorgane  (H. 
Ebbinghaus  and  A.  Konig  from  1890). 

Sitzungsberichte  der  Acad.  d.  Wissenschaften  (of  Berlin  from  1836,  of 
Vienna  from  1848). 

Ludwig's  Arbeiten  Leipzig  from  1866  to  1877  (continued  in  du  Bois- 
Reymona  Archiv  from  1877). 

Comptes  rendua  de  1'  Acad,  des  Sciences  from  1835. 

Comptes  rendua  de  la  Soci^t^  de  Biologie  from  1850. 

Beriohte  d.  deutsch.  ohem.  Gesellschaft. 

Journal  de  la  Physiologie  (Brown-Sdquard  from  1858  to  1863). 

Archives  de  Physiologie  (formerly  Brown-S^quard,  now  Bouchard,  Chau- 
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veaux  &  Marey)  from  1868.  Modified  and  continued  as  Journal  de  Phys. 
et  de  Path,  g^n^rale  by  Bouchard  and  Chauveau. 

Journal  de  I'Anat.  et  de  la  Physiol.  (Robin,  Pouohet,  now  Mathias  Duval) 
from  1864. 

Archives  Italiennea  de  Biologic  (Mosso  from  1882). 

Journal  of  Experimental  Medicine,  Baltimore. 

American  Journal  of  Physiology,  Boston  (since  1895). 


V.  GENERAL  REFERENCES  AND  ABSTRACTS. 

Schmidt's  Jahrbucher  (from  1834).  Canatatt's  Jahresbericht ;  HofiEinann 
&  Schwalbe's  Jahresbericht  (from  1873,  now  by  Hermann).  Maly's  Jahres- 
bericht ii.  d.  Fortsehritte  d.  Thier-Chemie  (chiefly  physiological  chemistry). 
Hayem;  Revue  des  Sciences  medioales.  Reports  of  the  Chemical  Society. 
Centralblatt  f.  d.  med.  Wissenchafteu  (from  1863).  Biologisches  Central- 
blatt  (from  1868).  Chemisohes  Centralblatt.  Centralblatt  f.  Physiologie' 
(from  1887).  Ch.  Riohet,  Bibliographia  physiologica,  1895-96.  Le  physio- 
logiste  russe,  Moscow  (from  1898). 


B.— CHEMICAL    APPENDIX. 

NtrCLEO-PIi.OTEIDS  AND  THEIE  DERIVATIVES.       PUBIN  BODIES. 

Nucleo-proteid 


Albumin 


Nuclein  bases  :  Xarithin,  Phosphoric  acid 

Hypoxanthin,  Guanin,  Adenin 

The  nuclein  bases,  sometimes  called  alloxurio  bodies,  are  very  impor- 
tant.    They  are  derivatives  of  Purin,  and  are  also  called  purin  bodies.- 

Purin  bodies. 

Purin  C5H4N4  ;  Uric  acid  CbH^N^Os  ; 

N  =  CH  NH— C  =  0 

II  /  \ 

HC      C— NH.  C=0      C— NH. 

I  II  >CH  \  11  \C  =  0 

N  — C—    N   #^  NH— C  — NH^ 
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Guanin  C5H5N5O  ; 
HN— C=  0 

HN  =  C      C  — NH, 


II  > 

HN-C—  N  ^ 


CH 


Xanthin  C5H4N4O2 ; 
HN— 0=0 

C  =00  — NH\ 


H 


Theobromin  O7H8N4O2 ; 
Dimethylxanthin 

HN— 0=0 
0=00- N  .  OH3 
CH3.:!f-l)-N>CH 

Adenin  C5H5N5; 
N  — 0\ 

OH     C— NH 

ll-^_N>CH 


Oaffein  OgHioNiOa ; 
Trimethylxanthin 


OH,.N- 


0  =  00- N. 


OH, 


i-N>CH 


Hypoxanthin  O5H4N4O ; 

HN— 0=0 

I  I 

CH      C  — NH 

^  >CH 


N 


■0-N.^^ 


Oxidases. 

(a)  Fresh  organs  do  not,  as  a  rule,  exhibit  an  oxidase  reaction.  If  the 
blood-vessels  of  the  animal  be  perfused  with  water  to  wash  away  all  blood, 
then  tincture  of  guaiacum  gives  the  blue  reaction  with  lung,  spleen,  fibrin, 
but  not  with  liver,  brain,  pancreas,  muscle.  Macerate  for  24  houre  fresh 
lung,  spleen,  or  fibrin  in  pure  water,  adding  a  little  chloroform  to  pre- 
serve it.  On  filtration  no  oxidising  reaction  is  obtained.  Proceed  as 
before,  but  extract  with  KNO3  (8  to  10  p.c),  NaOl  (8  to  10  p.o),  NaFl 
(I  to  3  p.c.).  At  40°  0.  a  clear  filtrate  with  strong  oxidising  action  is 
obtained.  The  residue  also  gives  the  reaction.  The  substance  which 
causes  the  reaction  is  precipitated  by  OOj,  or  saturation  with  MgS04. 
It  seems  to  be  of  the  nature  of  a  globulin  (Abelous  and  Biames,  Arch, 
de  Phys.,  1898). 

(6)  Extract  the  skin  of  frog  with  i  p  0.  NaOl  and  expose  the  extract  to 
air.  It  becomes  brownish-black.  This  does  not  occur  if  the  fluid  be 
boiled  (PhyacUix). 

(c)  I  have  myself  often  observed  the  changes  in  colour  that  occur  when 
a  potato  is  grated  in  water.  The  fluid  rapidly  runs  through  a  series  of 
colour  changes. 

(d)  Action  of  drugs. — Test  the  effect  of  any  one  of  the  following  re- 
agents: — 10  p.o.  carbolic  acid,  i  p.c.  caffein,  i  p.c.  quinin  sulphate,  and 
HgClj  '02  p.o.  Put  in  each  test-tube  l  volume  reagent,  5  drops  tincture 
guaiacum,  and  10  drops  HgOj.  Note  time  until  a  distinct  blue  colour 
appears,  and  depth  of  colour  at  end  of  an  hour.  Arrange  them  in  order  of 
extent  of  oxidation  (Sollmann). 

\Lea  Oxydases,  by  P.  Portier,  Paris,  Thfese,  1897.] 
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BODIES     OP     THE 


The  Aromatic  Compoukdb  of  the  Ukine  and  theie 


Tyrosin. 


^»"*    CH2.CH.NH2.COOH. 


Pi  om  albumin— 
By  trypBin. 
By  putrefaction. 
By  fusing  with  KHO. 

In  urine — 

In  acute  yellow  atrophy 
of  the  liver  and  phos- 
phorus poisoning. 


Fhenylamidopropionic 
Acid. 

CcHs .  CH2 .  CH .  NH2 .  COOH. 

Decomposition  of  albumin 
in 


OxyphenylojH'propionie 

[Oxyhydroparacuraaric 
acid.] 

r  w    OH 

*"»"*  CH2.CH.OH.COOH. 

In  the  urine  of  the  rabbit 
after  feeding  with  tyro- 
sin. 

In  human  urine,  after 
acute  yellow  atrophy  of 
the  liver  and  phospho- 
rus poisoning. 


Phenylppopionic 
Acid. 

CsHs  .  CH2  .  CH2  .  COOH. 

Decomposition  product  of 
albumin,  oxidised  in  the 
organism  to 

Benzoic  acid. 
CbHs  .  COOH. 

which  passes  into  the 
urine  as 

Hippuric  aoid. 
CsHj  .  CO  .  NH  .  CH2 .  COOH. 


Oxyphenylpropionle    l 

Aeld.  «■ 

[Hydroparacumario  acid.] 


CfiH4 


OH 


CH2 .  CH2COOH, 
Normal  constituent  of 
urine,  decomposition 
product  of  tyrosin. 
When  given  to  an  ani- 
mal, part  is  excreted 
unchanged,  part  is  oxi- 
dised to 

Paroxybenzoib  aoid. 


CsH, 


OH 


COOH. 

which  passes  into  the 

urine  as 

Paroxybenznrio  aoid. 

p^    OH 

^""^  CO .  NH .  CHj .  COOH. 


Phenylamidoaeetic 
Acid. 

C0H5  .  CH .  NH2  .  COOH. 

Yields    during    putrefac- 
tion 

Amygdalic  acid. 
CsHs .  CH  .  OH .  COOH. 
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Relation  to  the  Decomposition  Products  of  Albumin. 


Oxyphenylacetic  Add. 

PW    OH 

^«"*  CH2 .  COOH. 

Putrefactive  product  of 
J.  tyrosin  ;  normal  urin- 
['  ary  constituent.  When 
t,  given  to  an  animal,  it 
I.  leaves  the  organism  un- 
.    changed. 


Ehenylacetic  Acid. 
CbHj  .  CHj .  COOH. 

Putrefactive    product   of 
phenylamidopropionic 
acid   and   of   albumin, 
passes  into  the  urine  as 

I      Phenaoeturic  acid. 

CaHj  .  CHa  .  CO  .  NH  .  CHj 
COOH. 


PaFakpesoI. 

pTT     OH 

^'"^i  CH3. 

Putrefactive    product    of 
tyrosin ;  occurs  in  urine 


ft  -rr      CH3 

^=^<        OSO2OH. 


CfiHd 


/ 


Indol. 
CH  =  CH 


^NH' 


Obtained  from  albumin  by 
putrefaction,  and  heat- 
ing with  caustic  potash. 

In  the  organism  it  is  oxi- 
dised to 

Indoxyl. 

C(OH)  =  CH 

^6^4  v. 

Pass  into  the  urine  as 

Indoxylsulphuric  acid. 
C(0.S03H)  =  CH 
CcH,/ 

NH^ 


Phenol. 

CeHs  .  OH. 

Putrefactive  product  of 
tyrosin;  occurs  in  urine 

CbHj  .  OSO2OH. 

In  the  organism,  it  is 
partly  oxidised  into 

Pyrocateohin. 

pTi    OH 
''«**«  OH 

which  occurs  as  a  consti- 
tuent of  horses'  urine, 
partly  as  an  ether 
sulpho  -  compound,  and 
partly  free. 


CfiHj 


Skatol. 
C(CH3)  =  CH 


^NH-- 


Putrefactive  product  of 
albumin,  passes  into  the 
urine  as 

(Skatoxylsulphuric  acid). 

C(CH2.O.S020H)=CH 

CsH4 
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Reagents  and  Some  Solutions  Required. 

Acid — Acetic,  glacial. 
,,       20  P.O. 
„       2  p.o. 
Hydrochloric,  concentrated. 

,,  0'2  p.o.  (add  6  0.0.  HCl  to  994  o.c.  HjO). 

Nitric  (i.)  concentrated,  (ii.)  fuming — i.e.,  with  nitrous  acid. 

Sidphuric,  concentrated,  20 p.c,  ^,  ci  p.o. 

Alcohol,  methylated. 
„        absolute. 

Ammonium  hydrate.  (S.O.  O'SS). 

Ammonium  molyhdaie  solution. — Dissolve  5  grms.  in  20  c.c.  strong 
ammonia.  Heat,  then  pour  it  slowly  into  80  c.c.  diluted  HNO3,  made  by 
mixing  40  o.c.  pure  HNOs  with  40  c.c.  distilled  water. 

Ammonium  oxalate,  10  p.c.  solution. 

„  sulphate,  saturated  solution. 

„  „       crystals. 

„         stdphide  solution. 

Barfoed^s  reagent. — To  200  c.c.  of  a  solution  of  neutral  acetate  of  copper, 
containing  I  part  of  the  salt  to  15  water,  add  5  c.c.  of  a  38  p.o.  solution  of 
acetic  acid. 

Barium  chloride,  saturated  solution. 

Baryta  mixture. — (a)  Make  a  saturated  solution  of  barium  hydrate  in 
distilled  water  in  the  cold. 

(6)  Make  a  saturated  solution  of  barium  nitrate  in  the  cold. 

Mix  I  vol.  a  with  2  vols.  &  =  "Baryta  mixture." 

Bromine,  in  tubes. 

Calcium  chloride,  2  p.o.  solution. 

Chloroform. 

Cochineal,  watery  solution. 

Congo  red  test  papers. — Dissolve  i  deoigrm.  Congo-red  in  100  c.c.  dis- 
tilled water.     Dip  strips  of  bibulous  paper  in  it  and  dry  them. 

Copper  sulphate,  1  p.o.  solution. 

Ether,  methylated. 

Esbach's  reagent. — Dissolve  10  grms.  picric  acid  and  20  grms.  citric  acid 
,  in  800  o.c.  of  boiling  water.     Add  sufficient  water  to  make  up  a  litre. 

Fehling's  solution. — Solution  A. — 34'64  grms.  of  pure  crystalline  cupric 
sulphate  are  powdered  and  dissolved  in  500  c.c.  of  distilled  water.  Solu- 
tion B. — In  another  vessel  dissolve  173  grms.  of  Rochelle  salts  (sodio- 
potassium  tartrate)  in  100  c.c.  of  pure  caustic  soda,  S.G.  i"34,  and  add 
water  to  make  500  o.c.  Keep  the  two  solutions  separate  in  stoppered 
bottles,  and  mix  them  as  required.  On  mixing  equal  quantities  of  A  and 
B,  a  clear  deep  blue  fluid  is  obtained,  the  Rochelle  salt  holding  the  cupric 
hydrate  in  solution. 

if.B. — Fehling's  solution  ought  not  to  be  kept  too  long  ;  it  is  apt  to  de- 
compose, and  should  therefore  be  kept  away  from  the  light,  or  protected 
with  opaque  paper  pasted  on  the  bottle.  Some  other  substances  in  urine 
— e.g. ,  uric  and  glycuronio  acids — reduce  cupric  oxide.  In  all  cases  see  that 
there  is  an  excess  of  the  test  present. 

Ferric  chloride. 

Furfurc^. 

Ovaiacum  resin  dissolved  in  alcohol. 


APPENDIX.  S9t 

Hayem'a  fluid  for  blood.  Dissolve  I  grm.  NaCl,  $  grms.  Na^S04,  and 
0'5  grm.  HgClj  in  200  0.0.  distilled  water. 

Hydrogen  peroxide. 

Iodine  solution. — Dissolve  2  grms.  of  potassium  iodide  in  100  0.0.  water, 
and  I  grm.  iodine,  and  shake  well. 

Lacmoid. 

Lead  acetate  basic. — Boil  plumbic  acetate  with  litharge  for  10  minutes. 
The  filtrate  is  basic  lead  acetate. 

lAme-water. 

Litmus,  solution  and  papers  (red  and  blue). 

Magnesium  sulphate,  crystals,  and  saturated  solution  (for  saturation  125 
to  100  H2O). 

Mercuric  chloride,  saturated  watery  solution. 

Methyl-orange,  i  p.o.  watery  solution. 

Methyl-violet. 

Millon's  reagent. — Dissolve  mercury  in  its  own  weight  of  strong  HNO3, 
S.6.  I  "4,  and  add  2  volumes  of'  water,  AUow  it  to  stand,  and  after- 
wards decant  the  clear  fluid ;  or  take  i  part  of  mercury,  add  2  parts 
HNO3,  S.G.  I '4,  and  heat  over  a  water-bath  till  complete  solution  occurs. 
Dilute  with  2  volumes  of  water,  and  decant  the  clear  fluid  after  12  hours. 

Pavy-Fehling  solution. — Pure  CUSO4,  S'4^5  grms.  ;  Rochelle  salt,  17 
grms.  ;  pure  KHO,  17  grms.  Dissolve  in  distilled  water,  and  make  the 
solution  up  to  100  o.c,  add  333  c.c.  ammonia  (S.G-.  0'88),  and  then 
396  c.c.  distilled  water.  It  is  not  necessary  to  dilute  it  when  used  for 
the  volumetric  estimation  of  sugar. 

ID  c.c.  are  equal  to  i  c.c.  Fehling— i.e.,  10  c.c.  are  reduced  by  5 
milligrms.  dextrose.     Use  50  c.c.  for  each  volumetric  estimation. 

Phenol.     See  Ufifelmanu's  Test,  p.  84. 

Phenyl-hydrazine  and  its  hydrochloride. 

Picric  acid,  saturated  watery  solution.  Best  to  dissolve  crystals  in  hot 
water,  and  filter  when  cold.     Pure  crystals  are  essential. 

Phloroglucin-Vanillin  test  (yellowish  colour). 

Phloroglucin, 2  grms. 

Vanillin, i  grm. 

Alcohol, 30  c.c. 

Phosphomolybdic  acid  to  precipitate  proteids. — Dissolve  20  grms.  of  the 
acid  (or  phospho-tungstio)  in  100  c.c.  of  water,  and  add  2  c.c.  H2SO4. 
Phosphoric  acid,  glacial,  o'5  p.c.  solution. 
Phospho-tungatic  acid. 

Potassio-mercuric  iodide  or  BrUclce'a  reagent. — Precipitate  a  saturated 
solution  of  potassium  iodide  with  a  similar  solution  of  mercuric  chloride  ; 
wash  the  precipitate,  and  dissolve  it  to  saturation  in  a  hot  solution  of 
potassium  iodide. 
Potassium,  bichromate  solution,  3  p.c. 
„         ferricyanide,  10  p.c.  solution. 
„         ferrocyanide,      „  ,, 

,,  hydrate  solution  (20  grms.  caustic  potash  in  100  c.c.  HjO), 

and  O'l  p.c. 
„  svlphate  for  Kjeldahl's  N  estimation. 

,,  siHpho-cyanide  solution. 

Salicyl-svlphonic  acid,  watery  solution. 

Silver  nitrate. — Dissolve  2  grms.  AgNOj crystals  in  20  o.c.  distilled  water. 
Sodio-magnesium  sulphate,  crystals. 
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Sodium  acetate,  powder  and  solution.— Add  loo  o.o.  pure  acetic  acid 
(i'04  S.Gr.)   to   70  0.0.  distilled  water.     Dissolve  10  grms. 
pure  sodium  acetate  in  it,  and  add  distilled  water  to  make 
100  c.c. 
„       carbonate,  saturated,  and  2  p.c.  solution. 
,,       chloride,  crystals,  saturated,  and  10  p.c.  solution. 
„       hydrate,  40  p.c.  solution  and  y  solution. 

„       hypobromite  8.S.  for  urea. — Dissolve  50  grms.  sodium  hydrate  in 
a  porcelain  capsule  in  100  c.c.  distilled  water.     Place  25  c.c. 
distilled  water  in  a  tall  thin  glass  jar,  and  add  I2'S  c.c. 
bromine.     Pour  the  soda  into  the  diluted  bromine  solution, 
and  cool  the  mixture.    Use  prepared  solution  sufficient  for 
five  estimations. 
, ,     ,  nitro-prusaide  solution  (freshly  prepared). 
,,       phosphate  solvitioa,  10  p.c. 
Standard  solutions. 

Stokes'  fluid. — Make  a  solution  of  ferrous  sulphate  ;  to  it  add  ammonia 
after  the  previous  addition  of  sufficient  tartaric  acid  to  prevent  precipita- 
tion.    Add  about  three  parts  by  weight  of  tartaric  acid  to  two  of  the  iron 
salt.     Make  it  fresh  when  required. 
Sulphur,  precipitated. 

Syrup.  — Dissolve  40  grms.  cane  sugar  in  30  0. 0.     It  is  apt  to  ferment. 
Talc,  powdered  (for  N  determination). 

Tannin  solution  for  proteids. — Dissolve  4  grms.  tannic  acid  in  190  c.c.  of 
45  p.c.  alcohol,  and  add  2  c.c.  glacial  acetic  acid  (Arthus). 
Trichloracetic  acid. 
Uffelmann's  test  (for  lactic  acid).  •  Clear  violet  solution. 

Carbolic  acid  (1-20),       ....     10  c.c. 

Distilled  water, 20  c.  c. 

Liq.  ferri  perchloridi i  or  2  drops. 

Uranium  acetate  solution  for  testing. — Dissolve  2  grms.  uranium  acetate 
in  about  80  c.c.  ordinary  pyroligneous  acetic  acid  as  ma^y  be  required  to 
dissolve  it  in  the  cold.  Add  distilled  water  to  dilute  the  fluid  to  100  c.c. 
and  filter. 

Uranium  nitrate  8.S.  for  H3PO4.  i  c.c.  =  5  milligrms.  phosphoric 
anhydride  (P2O5). — Add  2;5  c.c.  pure  glacial  acetic  acid  to  90  c.c.  distilled 
water;  dissolve  it  in  3 '5  grms.  uranium  nitrate,  and  then  add  distilled 
water  to  make  100  c.c. 
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C— APPENDIX  ON  INSTEUMENTS. 


^-  455- — Spectroscope  with  comparison  spectrum.    Schmidt  &  Haensch,  Berlin. 


Fig.  456.— Arrangement  of  slit  lens  and  prism  in  straight-vision  spectroscope,  as  made 
by  Schmidt  &  Haensch,  Berlin. 


V  \\ 


tMEiJ^^.^       fe|^ 


Jig.  .57.— The  classical  "frog-pistol"  of  du  Bois-Reymond.  A  N.M.  preparation  is 
made  and  enclosed  in  the  glass  tube.  Connections  are  so  made  that  by  pressing  the 
keys  jS  and  i  the  nerve  is  stimulated. 
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In  the  modification  of  the  myograph  shown  in  fig.  460,  suggested 
by  W.  Charles,  and  now  used  in  Owens  College,  the  part  6  bearing 
the  crank  L  is  not  continuous  with  the  support  a,  but  is  by  means  of  a 
cylindrical  rod  fitted  fairly  tight  into  a  corresponding  socket  in  the 
support  a.  Thus  the  whole  crank  and  style  recording  lever  can  be 
gently  turned  so  that  the  style  can  make  a  complete  record  without 
altering  the  position  of  the  clamp  which  fixes  the  whole  apparatus 
to  the  wooden  support.  The  apparatus  is  made  by  C.  F.  Palmer  (Jowra. 
of  Phys.,  xxvii.). 
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Fig.  459.— Form  of  recording  apparatus  largely  used  in  U.S.,  America.   Made  by 
Chicago  Supply  and  Scale  Company.    It  is  usually  called  a  "  kymographion." 


Fig.  460.— Modification  of  crank  myograph,  as  used  in  Owens  College. 
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Fig.  463.— Sherrington's  apparatus  forapplying  gases  or  vapour  to  an  excised  frog's  heart. 
S,  Glass  syringe-tuhe.  H,  Heart  with  thread  to  lever  working  through  a  drop  of 
mercury  (p!g).  B,  Vessel  with  water  and  a  few  drops  of  ether  or  chloroform.  The 
vapour  from  B  is  blown  through  S  by  means  of  a  spray  producer. 


Fig,  464. — Lantern  railway  myograph.  A  bogie  waggon  carries  a  quarter  (3^  inches  by  4i 
inches)  smoked  plate,  or  Continental  size,  g  by  12  cms.  The  motor  has  three  speeds, 
approx.  I,  6,  and  12  mm.  per  second ;  these  can  be  varied  by  regulating  the  speed  of 
clock  (Waller's  pattern,  made  by  Hoyer). 
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Fig..  465.— Moist  chambers  (Waller's  pattern)  for  nerve  or  nerve-muscle.  Made  with 
removable  glass  sides  and  top.  Fitted  with  one  pair  of  non-polarisable  electrodes, 
zincs,  bell-crank  writing  lever  (Isotonic  or  Isometric,  as  desired),  gas  inlet,  &c.,  and 
made  to  fasten  on  a  simple  stand. 


D.— APPENDIX. 


Doses  or  Some  Drugs  REQuntED  to  Produce  their 
Physiological  Effects. 

Dog. — (i)  Morphin  sulph.   subcutan.,  o'oi  grm.  per  kilo,  half  an  hour 
before  operation. 
Then  anaesthetic  by  chloroform-ether. 

(2)  Morph.  sulph.,  o-oi  grm.  per  kilo.  1  guij^utan. 
Atropin  sulph.,  o'oi     „         ,,         J 

(for  work  on  circulation). 

(3)  Prof.  Cushny  prefers  aceton-ohloroform  for  dogs. 

(4)  Curare,  o"oi  grm.  per  kilo. 

(5)  For  work  on  the  circulation  Riohet  uses  chloralose  injected  into  the 
veins.  It  is  rather  insoluble,  and  so  a  large  amount  of  fluid  is  required. 
It  does  not  lower  the  blood  pressure. 

Rabbit. — (i)  Chloral- hydrate,  i  to  2  grms.  subcutan.,  or  0'6  to  07  grm. 
per  kilo. ,  by  stomach-tube  or  rectum. 

(2)  Urethan,  2  grms.  in  25  p.c.  solution.  Is  without  action  on  heart,  and 
is  very  satisfactory  (i  grm.  per  kilo.). 

(3)  Give  by  the  mouth  25  o.c.  of  a  saturated  solution  of  chlorozone,  and 
follow  by  inhalation  of  ether. 

•  (4)  The  A.C.E. — i.e.,  a  mixture  of  alcohol,  chloroform,  and  ether — is 
used  by  some  for  general  ansBsthesia. 

Ca«.  — Levy-Dorn  Centrbl.  fur  Physiologie,  1895,  P-  97- 

Opossum. 
Chloral-hydrate,  i  grm. 
Morph.  sulph.,  0-03  to  0-04  grm. 
(Re%d  Hunt. ) 
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Solubilities  in  Water  at  15°' to  18°  C. 

Ammonium  chloride, 3^  P^""  i°°- 

Sodium  chloride, 3^       >> 

Ammonium  sulphate, 5°       >> 

Magnesium  sulphate, 125       „ 

Mbasuees  op  Length 

Metric  System. 

The  standard  is  the  metre ;  for  multiples  of  the  metre  prefixes  deca- 
hecto-  and  kilo-  are  used ;  for  subdivisions  thereof,  mUli-  centi-  and  decl- 
are used  just  as  in  the  case  of  the  grm.  in  the  table  below. 

I  millimetre  =  cooi  metre  =    0'03937  inch. 

I  centimetre  =  o '01        ,,      =    0-3937      ,, 

I  decimetre  =  o'lo        ,,      =    3 -93707  inches. 

I  metre  =39-37079     ,, 


English  System. 

I  inch  =    25  "4  millimetres. 

I  foot  =12  inches  =  304-8  ,, 


Measures  op  Capacity. 

Metric  System. 

A  litre  is  the  standard,  and  is  equal  to  1000  cubic  centimetres  ( 1000  c.c. ) ; 
each  cubic  centimetre  is  the  volume  of  i  grm.  of  distilled  water  at  4°  C. 
I  cubic  centimetre  (i  c.c.)  =  16-631  minims. 
I  litre  =  1000  c.c.  =  i  pint  15  oz.  2  drs.  11  min.  (35-2154  ozs.). 

English  System. 

I  minim  =      0-059      cubic  centimetre. 

I  fluid  drachm  =  60  minims  =      3-549      cubic  centimetres. 

I  fluid  ounce     =    8  fluid  drachms  =    28-398         ,,  ,, 

I  pint  =  20  fluid  ounces     =  567-936         ,,  „ 

I  gallon  =    8  pints  =      4-54837  litres. 


Weights. 

• 

Metric  System 

I  milligrm. 

= 

o-ooi  grm.    = 

0-015432  grain. 

I  centigrm. 

= 

o-oi       „      = 

0-154323      „ 

I  deoigrm. 

= 

o-i         „      = 

1-543235  gra 

ms. 

I  grm. 

= 

I            ..      = 

15-43235        . 

» 

I  decagrm. 

= 

10         grms.  — 

154-33235        . 

t 

I  heotogrm 

= 

100            „      = 

1543-235 

) 

I  kilogrm. 

:= 

1000            „      = 

15432-35 

2  lb.  2  oz.  110-8  , 

J 

practical  purposes,  the  kilogrm.  or  kilo,  is  taken  « 

it  2-2  lbs. 
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English  System. 

I  grain  =     o'o648  grra. 

I  ounce  =  437'S         grains  =    28'359S  grms. 
I  lb.  =  i6  oz.  =  7000    „      =43S"S92S     .. 

Area     of  sphere  =     irr^,  or    3'i4i6r^. 
Surface         „       =  ^vr',  or  I2'5664r^ 

Volume         „       =  ^—r^,  or  4 '2?^. 
3 

Thermombtric  Scales. 

Fahrenheit  scale,  freezing  point  of  water,  32°;  boiling  point,  212°. 
Reaumur      ,,  ,,  „  ,,  0°        ,,  ,,         80°. 

Centigrade    „  „  „  „         0°        „  „       100°.     . 

To  convert  degrees  F.  into  degrees  C. ,  subtract  32  and  multiply  by  f  01* 
C  =  (F  -  32)f.     To  convert  C.°  into  F.°,  the  formula  is  F  =  |C  +  32. 


Some  of  the  Insteumbnt-Makebs  who  Supply  Phtsiolooical 
Apparatus. 

Eugen  Albreoht,  Universitats  Mechanious,  Tiibingen  (Hiirthle's    hsemo- 

dynamic  apparatus). 
Backhouse,  University  College,  London. 

A.  H.  Baird,  33  Lothian  Street,  Edinburgh. 

Baird  &  Tatlook,  14  Cross  Street,  Hatton  Gardens,  London,  E.C. 

Butler,  Physiological  Laboratory,  Oxford. 

Cambridge  Scientific  Instrument  Co. 

L.  Castagna,  Schwarzspanierstrasse  17,  Wien  IX. /3  (Exner'sapp.). 

Chicago    Laboratory  Supply   and    Scale    Co  ,    31-45    Randalph    Street, 

Chicago,  111.,  U.S. 
J.  H.  Harting-Bank,  Utrecht  (Zwaardemaker's  instruments). 
James  J.  Hicks,  8  Hatton  Gardens,  London. 

J.  C.  Hoyer,  St.  Mary's  Medical  School,  London  (Waller's  apparatus). 
W.  Hume,  Lothian  Street,  Edinburgh. 
Jaquet,  St.  Imier,  Switzerland  (Chronometric  apparatus). 

B.  Jung,  Landhausstrasse  12,  Heidelberg. 
D.  B.  Kagenaar,  Utrecht. 

A.  Kershaw,  Dorrington  Street,  Leeds  (Birch's  apparatus). 

Fritz  Kohler,  Linnestrasse,  Leipzig  (Cryosoopic  apparatus  of  Ostwald). 

F.  &  M.  Lautenschlager,  Oranienburgerstrasse  54,  Berlin,  N. 

J.  F.  Meyer,  Seilergraben  7,  Zurich. 

Milton  Bradley  Co.,  Springfield,  Mass.,  U.S.,  America  (Optical). 

C.  F.   Palmer,   6  Upper  Tulse  Hill,  Brixton,   London,  S.W.  (Brodie's 

apparatus). 
W.  Petzold,  Schonenweg  6,  Leipzig. 
W.  6.  Pye  &  Co. ,  Granta  Works,  Mill  Lane,  Cambridge. 
Reynolds  &  Branson,  Commercial  Street,  Leeds. 
Max  Rinck,  Physiologisohes  Institut,  Marburg  (Kossel's  apparatus). 
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W.   J.   Rohrbeck's  NacMolger,  Kartnerstrasse  59,   I.,   Vienna   (Simple 

psychological  apparatiiB). 
R.  Rothe,  1 5  Liiebig  Straase,  Leipzig  (Hering's  instruments). 
Runne,  Heidelberg  (Centrifuges).  "j 

Hilding    Sandstrom,    University,    Lund,    Sweden    (App.    of    Blix    and 

recording  app. ) 
Schmidt  &  Haensoh,  Berlin  (Optical). 
Siedentopf,  Wiirzburg. 
Ch.  Verdin,  Rue  Linn^  7,  Paris  (Apparatus  of  Marey  and  the  French 

School). 
E.  Zimmermann,  21  Emilienstrasse,  Leipzig  (Psychological  apparatus  of 

Wundt  and  others). 
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Aberration— Chromatic,  510. 

„  Rpherioal,  510. 

Absorption-bands,  50. 

,,         from  rectum,  490. 
Accommodation,  512. 

„  line  of,  516. 

Aoeto-aoetic  acid,  178. 
Aceton,  177. 

Aohroo-dextrin,  26,  27,  75. 
Achromic  point,  175. 
Acid-albumin,  7,  79. 
Acid-hsematin,  55, 
Acidulated  brine,  167. 
Acme  sacchar-iireameter,  176. 
Action-current  of  muscle,  316. 
,,  of  nerve,  317. 

Acuity  of  vision,  522. 
:<Adamkiewicz,  reaction  of,  11. 
Adaptation,  528. 
i  .^sthesiometers,  566. 
After-images,  528. 
After-load,  255. 
Air  expired,  473. 

,,  analysis  of,  478. 

Albumin,  1,  40. 

„        coagulation  temperature 
of,  4. 

,,        derived,  16. 

„        egg,  15. 

,,        estimation  of,  168. 

„        general  reactions,  2. 

,,        in  urine,  164. 

,,        native,  4. 

,,        nitrogen  in,  11. 

„        serum,  5,  40. 

„        soluble,  5. 

„      •  sulphur  in,  11. 

,,        temp,  of  coagulation,  11. 

,,         tests  for,  165. 

„        vegetable,  113. 
Albuminates,  6. 
Albuminimeter,  168. 


Albuminoids,  13. 
Albuminuria,  165. 
Albumoses,  8,  81,  86. 
Albumosuria,  167. 
Aldehyde,  19. 
Algesometer,  576. 
Alkali-albumin,  7. 
Alkali-hsematin,  55. 
„     reduced,  56. 
Alkaline  phosphates,  133. 
Alm^n's  test,  169. 
Alternating  currents,  214. 
Amalgamation  of  zinc,  19S. 

,,  mixtvire,  199. 

Amidulin,  26. 
Ammonia  as  stimulus,  225. 
Ammonium  carbonate,  142. 

,,  urate,  155. 

Ampere,  197. 
Amyl  nitrite,  428. 
Amyloid  substance,  13. 
Amylopsin,  90. 
Amyloses,  18. 
Ansesthetics,  453. 
Anaglyph,  556. 
Analysis  of  a  fluid,  35,  191. 

„        of  a  solid,  193. 
Animal  starch,  27,  105. 
Anti-peptone,  85. 
Anode,  195. 
Apex-beat,  414. 
Apex-preparation,  396. 
Apncea,  468. 

Apparent  moveinents,  539. 
Arginin,  11. 

Aristotle's  experiment,  568. 
Aromatic  compounds,  163. 
Arterial  pressure,  449.  ' 
Arteriometer,  436. 
Artificial  eye,  561,  563. 

,,        gastric  juice,  477. 
„       pancreatic  juice,  90. 

39 
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Astigmatism,  517,  565. 
Associated  movements  of  eye,  533. 
Atropin  on  heart,  403. 
Augmentor  nerve,  385. 
Auto-laryngoscopy,  484. 
Automatic  break  excitation,  255. 
Automatograph,  508. 
Auxocardia,  420. 

Barfoed's  reagent,  20,  596. 
Baryta  mixture,  596. 
Bayliss'  writing-point,  376. 
Beckmann's  apparatus,  486. 
Beef  tea,  119. 
Benham's  top,  654. 
Benzoic  acid,  159. 
Benzo-purpurin,  84. 
Benzoylohloride,  20. 
Berginann's  experiment,  523. 
Bernard's  method  for  curare,  241. 
„  , ,'      for  glucose,  46. 

Bernstein's  method  for  heart,  363. 
Bezold's  experiment,  511. 
Bichromate  cell,  196. 
Bidwell's  illusion,  540. 
Biedermann's  modification,  327. 
Bile,  98. 

„     acids,  99,  170. 

,,     actions  of,  102. 

„     oholesterin  in,  101. 

,,     crystallised,  99. 

,,     Gmelin's  test,  100,  169. 

,,     in  urine,  169. 

„    mucin  in,  98. 

,,     Pettenkofer's  test,  99,  170. 

,,    pigments,  99,  169. 

,,     salts,  99. 

,,     solvent,  103. 
Bile-acids  in  urine,  170. 
Bile-fistula,  489. 
Bile-pigments  in  urine,  169. 
Bilin,  99. 

Bilirubin,  100,  169. 
Biliverdin,  100,  169. 
Binocular  contrast,  554. 

„        vision,  532. 
Bismuth  test,  20. 
Biuret  reaction,  9,  142. 
Blaok-band  experiment,  526. 
Black's  experiment,  473. 
Blind  spot,  520. 
Blix's  myograph,  286. 
Blood,  37. 


Blood,  action  of  saline  solution,  38. 

Buchanan's  experiments,  43. 

carbonic  acid  on,  59. 

clot,  39,  45. 

coagulation  of,  39. 

coagulation  experiment,  43. 

colour,  37. 

corpuscles,  44. 

,,        numeration  of,  60. 

deflbrinated,  38. 

diabetic,  47. 

drugs  on,  58. 

frog's,  45. 

gases,  474. 

grape-sugar  in,  46. 

in  urine,  168. 

iron  in,  47. 

laky,  37. 

mammalian,  44. 

nitrites  on,  58, 

opacity,  37. 

oxygen  capacity,  477. 

plasma,  41. 

pressure,  449. 

„         tracings,  460. 

reaction,  37. 

red  corpuscles  of,  44. 

serum  of,  39. 

sodium  fluoride  on,  57. 

specific  gravity  of,  37. 

spectroscopy  of,  48. 

stains,  56. 

time  of  coagulation,  45. 

transparent,  37. 

vessels,  412. 
Bone,  34. 

Bottger's  test,  20,  171. 
Bowditoh's  rotating  coil,  210. 
Bread,  114. 

Break  extra-current,  215. 
Break-shook,  213. 
Brine-test,  167. 
British  gum,  27. 
Bromelin,  91. 
Brondgeest's  tonus,  499. 
Briioke's  method  for  glycogen,  106. 
Brush  electrodes,  317. 
Buchanan's  experiments,  43. 
Bufiy  coat,  39. 
Burette,  136. 

Calcium  phosphate,  134. 
I         .,         presence_of,  226, 
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Calcium  salts  on  blood,  43. 
„        „     on  milk,  115. 
Calculi,  urinary,  184. 
Oampimetry,  543. 
Cane-sugar,  22. 

,,  estimation  of,  23. 

,,  inversion  of,  23. 

Cannula,  414. 

Capillaries,  pressure  in,  433,  443. 
Capillary  electrometer,  319. 
Carbohydrates,  17. 

,,  classification  of,  18. 

„  general    characters, 

17. 

, ,  precipitation  by  salts, 

28. 

,,  rotatory  power,  29. 

Carbolo-chloride  of  iron  test,  84. 
Carboluria,  178. 
Carbonic  acid,  480. 
Carbonic  oxide,  colour  of,  59. 

,,  haemoglobin,  52. 

,,  spectrum  of,  52,  72. 

Cardiac  delay,  439. 

„      impulse,  414. 
Cardiographs,  421. 

for  frog,  372. 
Carica  papaya,  91. 
Casein,  10,  115. 
Caseinogen,  10,  110. 
Cathode,  194. 

,,       as  stimulus,  339. 
Cellulose,  29. 
Centrifuge,  47,  179. 
Cerebrum,  removal  of,  505. 
Charpentier's  experiments,  526. 
Chemical  stimulation,  224. 
Chemotaxia,  356. 
Chloral,  605. 
Cholesterin,  101,  103. 
Cholic  acid,  99. 
Choluria,  169. 
Chondrigen,  14. 
Chondrin,  14. 
Chordogram,  271. 
Choroidal  illumination,  564. 
Christison's  formula,  127. 
Chromatic  aberration,  .3.30. 
Chromogens  in  urine,  162. 
Chromoproteids,  10. 
Chronograms,  252. 
Chronograph,  252,  262. 
Ciliary  motion,  354. 


Circulation,  microscopic  examination 
of,  444. 
,,  ,        scheme  of,  437. 
Circumpolarisation,  29. 
Clerk-MaxweU's  experiment,  523. 
Clonus,  292. 
Coagulated  proteids,  9. 
Coagulation  of  blood,  39. 

,,  action  of  neutral  salts, 

41. 
,,  ,,      of  cold,  45. 

„  experiments,  43. 

,,  oxalates,  43i 

,,  temperature,  41. 

Coagulative  enzymes,  122. 
Cocaine,  581. 
Coil,  induction,  208. 
Cold— Effects  on  blood,  45. 
„         heart,  362. 
,,  ,,         muscle,  278. 

,,  ,,         nerve,  348. 

Cold  spots,  570. 
Collagen,  13. 
Colloid,  26,  76. 
Colorimetrio  method,  65. 
Colostrum,  109. 
Colour-blindness,  546. 
Colour-sensations,  541. 
Coloured  fringes,  510. 

,,        shadows,  553. 
Combined  sulphuric  acid,  133. 
Commercial  peptones,  8. 
Commutator,  204. 
Compensation  method,  321. 
Compensatory  movements,  585. 

,,  pause,  383. 

Complementary  colours,  541 . 
Condenser  stimulation,  233. 
Conduction  in  nerve,  338,  344. 
Congo  red,  83. 
Constant  current,  197,  229. 

„  ,,        action  of,  331. 

,,  ,,  ,,     on  heart.  383. 

,,  „         intensity,  229. 

Contact  key,  202. 

, ,       sense  of,  573. 
Contraction — isometric,  266. 

„  isotonic,  249,  266. 

,,  maximal,  249. 

,,  minimal,  250. 

,,  paradoxical,  326. 

„  secondary,  324. 

,,  without  metals,  323. 
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Contrast,  546. 

„        binocular,  554. 

,,        simultaneous,  546,  550. 
Corresponding  points,  524. 
Crank:myograph,  254,  601. 
Crescent  stimulation,  391. 
Cresol,  163. 

Croaking  experiment,  506. 
Cryoseopy,  47,  486. 
Crystalun,  6. 
Curare,  237,  241. 
Curdling  of  milk,- 112. 
Current,  demarcation,  314,  316. 

„        of  heart,  317. 

„        of  injury,  314. 
Cystin,  184. 

Daniell's  cell,  194. 
Darby's  fluid  meat,  9. 
D'Arsonval's  N.P.  electrodes,  318. 
Decalcified  plasma,  42. 
Defibrinated  blood,"  38. 
Deglutition  apncea,  468. 
Demarcation  currents,  320,  323. 
Deposits  in  urine— collecting,  179. 
,,  organised,  182. 

,,  unorganised,  183. 

Depressor  nerve,  457. 
Derived  albumins,  6. 
Desprez's  signal,  252. 
Detector,  197. 
Deutero-albumose,  79,  87. 
Dextrin,  27. 

, ,        preparation  of,  29. 

,,        varieties  of,  26. 
Dextrose,  18,  J  70. 

,,        reducing  power  of,  76. 

,,        rotatory  power  of,  30. 

„         urine,  174. 
Diabetes,  174. 
Diabetic  blood,  47. 
Dialyser,  86. 

Diazo-reaotion  of  Ehrlioh,  179. 
Diffusion,  510. 
Digestion— Biliary,  98. 

„  gastric,  77. 

„  pancreatic,  89. 

,,  salivary,  73. 

Dilemma,  503. 

Dimethylamidoazobenzol,  83. 
Diplopia  monophthabnica,  517. 
Direct  stimulation,  234. 
,,     vision,  522. 


Direction,  judgment  of,  539. 

Disaccharides,  22. 

Distance,  judgment  of,  538. 

Distilled  water,  action  of,  226. 

Donne's  test,  183. 

Doremus  urea  apparatus,  149. 

Double  conduction  in  nerve,  345. 

Dresslar's  card,  569. 

Drums,  266. 

Drying  of  nerve,  226. 

Du  Bois  electrodes,  212. 

,,       induction  coil,  208. 

„       key,  199. 

,,       rheochord,  208. 
Dudgeon's  sphygmograph,  424. 
Dupr^'s  urea  apparatus,  148. 
Duration  of  impressions,  526. 
Dynamographs,  305. 
Dynamometers,  235. 

Ear,  583. 

Earthy  phosphates,  134. 
Egg-albumin,  2,  5. 
Eggs,  113. 

Elasticity  of  artery,  439, 
, ,         of  lungs,  468. 
,,         of  muscle,  284. 
Elastin,  15. 

Electrical  keys — Brodie's,  217. 
„  contact,  102. 

„  Du  Bois,  199. 

„  mercury,  201. 

„  Morse,  202. 

„  Ostwald's,  203. 

plug,  203. 
„  spring,  202. 

trigger,  203. 
Electrical  constant  current,  197. 
,,        repeated  shocks,  228. 
.„        single  shocks,  .212,  226. 
,,        stimulation,  226. 
,,        stimuli,  224. 
„        units,  197. 
Electrodes,  198. 

,,  d'Arsonval's,  318. 

,,  brush,  317. 

Du  Bois,  212. 
„  for  nerve,  317. 

„  non-polarisabje,  313. 

„  polarisation  of,  203. 

„  shielded,  211. 

Electrolysis,  199. 
Electrometer,  capillary,  319- 
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Electromotive  force,  321. 
Electro-motivity,  eleotro-tonio  vari- 
ation of,  339. 
„  of  heart,  317. 

„  of  muscle,  314. 

Electrotouio    variation   of    Electro- 
motivity,  339. 
Eleotrotonio  variation  of  excitability, 
.  335. 

Electrotonus,  335. 
Ellis'  air-piston  recorder,  429. 
Emulsification,  93. 
Emulsion,  33,  93. 
Endocardial  nutrition,  410. 

,,  pressure,  .394. 

Engelmann's  experiment,  332. 
Entoptical  vision,  525. 
Enzymes,  85,  121. 
Erdmann's  float,  138. 
Ergograph,  300. 
EiTTthro-dextrin,  26,  27,  75. 
Esbach's  albuminimeter,  168. 
Etliereal  sulphates,  133,  163. 
Ewald's  coil,  210. 
Examination  of  a  fluid  for  proteids 

and  carbohydrates,  35,  191. 
Examination  of  a  solid,  193. 
Excitability,  muscular,  .232. 

,,  V.  conductivity,  344. 

,,  in  dying  nerve,  232. 

„  of  nerve,  232,  347. 

Exhaustion  in  nerve  and  muscle,  298. 
Exner's  models,  583. 
Experimentum  mirabile,  504. 
Expired  air,  478. 
Extensibility  of  muscle,  284. 
Extensors,  excitability  of,  348. 
Extra-current,  215. 

Far  jjoint,  673. 
Faracuo  electricity,  208. 
Faradisation,  214. 
Fatigue  of  muscle,  296,  302. 

,,       of  nerve,  298. 
Fats,  neutral,  32. 
Fechner's  experiments,  585. 
Fehling's  solution,  20,  172,  596. 
Fermentation  test,  22,  176. 
Ferments — Amylopsin,  90. 
.„  ooagulative,  122. 

,,  fibrin,  40. 

,,  inversive,  95. 

„  milk  curdling,  83,  95. 


Ferments,   organised,  121. 

pancreatic,  89. 

pepsin,  78. 

pialyn,  94. 

ptyalin,  74. 

rennet,  83. 

steapsin,  94. 

trypsin,  94. 

unorganised,  121. 

vegetable,  91. 

in  urine,  163. 
Ferratin,  104. 
Fibrin,  10,  38. 
Fibrin-ferment,  40. 
Fibrinogen,  6,  42. 
Fick's  kymograph,  463. 
,,      manometer,  463. 
,,      ophthalmotonometer,  563. 
„      tension  recorder,  305. 
Field  of  vision,  530. 
Flexors,  excitability  of,  348. 
FUoker,  566. 
Flour,  113. 
Formaldehyde,  19. 
Fovea  centralis,  522. 

,,  shadows  on,  524. 

Fractional  heat-coagulation,  41. 
Frog  pistol,  599. 
Furfurol,  21,  100. 

Gad's  emulsion  experiment,  33. 
Gall  stones,  101. 
Galton's  whistle,  589. 
Galvanic  electricity,  194. 
Galvani'a  experiments,  322. 
Galvanometer,  311. 
Galvanosoope,  197- 
Galvanotaxis,  357. 
Garrod's  test,  155. 
Gases  in  blood,  474. 
Gaskell's  clamp,  374, 

,,        heart-lever,  369. 
Gas-pumps,  474. 
Gas-sphygmoscope,  429. 
Gastric  action  on  milk,  82. 

,,      antiseptic,  82. 

,,      contents,  examination  of,  88. 

,,      digestion,  77,  79. 

„      drugs  on,  89. 

,,      juice,  77. 

,,      mechanical  restraint,  88. 

,,      Mett's  method,  88. 

„      peptones,  79. 
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Gastric  products  of,  80,  85. 

,,      time  of,  88. 
Gelatin,  14. 
Gentian  violet,  13. 
Geometrical  illusions,  534. 
Gerrard's  urea  apparatus,  150. 
Girgensohn's  method,  13. 
Globin,  6. 
Globulins,  5,  40. 
Globulinuria,  167. 
Glucoproteids,  10.  15. 
Glucose,  18,  116. 

,,        in  blood,  46. 

„        in  urine,  170. 

,,        rotatory  power  of,  30. 
tests  for,  19,  20. 

,,        to  prepare,  26. 
Glucoses,  18. 
Gluten,  10,  113. 
Glycerin,  29. 

,,         extracts,  78,  80. 
Glyoo-cholic  acid,  99,  104. 
Glycocol,  125. 
Glycogen,  27,  105. 

,,         hydrolysis  of,  108. 

,,         preparation  of,  105. 

„         tests  for,  28,  107. 
Glycosamin,  124. 
Glycosuria,  170. 

,,  alimentary,  173. 

Glyouronio  acid,  176. 
Gmelin's  test,  100,  169. 
Goltz's  tapping  experiment,  506. 
Gotch  on  excised  heart,  367. 
Gotch's  localised  cold  nerve,  348. 
Gower's  hsemooytometer,  60. 

,,       hffimoglobinometer,  64. 
Gracilis,  experiment  on,  345. 
Grape-sugar,  18. 

,,  in  blood,  46. 

,,  in  urine,  170. 

Graphic  method,  245. 
Gravity  on  circulation,  449. 
Grenet  cell,  196. 
Grove's  cell,  196. 
Grunhagen's  experiment,  344. 
Guaiaoum  test,  38,  123,  169. 
Guanin,  125. 
Gymnema  sylvestris,  581. 

HsBmatin,  58. 

„  preparation  of,  58, 

Hsematinometer,  57,  71. 


Hsematocrit,  47,  180. 
Hffimatoporphyrin,  56,  161. 
Heematoscope,  57. 
Haematuria,  168. 
Haemin,  57. 

Haemoohromogen,  56,  58. 
Hjemooyanin,  10. 
Hsemooytometer,  60. 

„  Haldane's    modifi- 

cation, 65. 
Hsemodynamometers,  430. 
Hemoglobin,  38,  48,  50. 
,,  ash  of,  47. 

„  carbonic  oxide,  52. 

crystals  of,  48. 
, ,  estimation  of,  59. 

,,  ferrioyanide  on,  52, 

„  nitrites  on,  54. 

,,  non-diffiiBibility,  38. 

„  oxy-,  50. 

,,  ozone  test,  48. 

, ,  preparation  of,  57. 

„  reduced,  52,  57,  71. 

„  scale,  69. 

,,  spectrum  of,  50,  71. 

,,  sulph.,  59. 

HiEmoglobinometer,  Gower's,  64. 
.  „  Oliver's,  66. 

Haemoglobinuria,  169. 
Hsemometer  of  Fleisehl,  69. 
Hamburger's  method,  45. 
Hand  electrodes,  198. 
Haploscope,  559. 
Haser-Trapp's  coefficient,  127. 
Hayoraft  on  S.G.  of  blood,  38. 

„  uric  acid,  156. 

Hayem's  solution,  64. 
Hay's  sulphur  test,  100,  170. 
Hearing,  584. 
Heart— Acids  on,  408. 

action  of  drugs  on,  401. 
apex,  363,  396. 
atropin  on,  403. 
augmentoi^  fibres,  385. 
caffein,  406. 
casts  of,  410. 
clamp,  374. 
cocain,  406. 
cold  on,  362,  382. 
constant  current  on,  383. 
curare  on,  406. 
currents,  326,  364. 
digitalin  on,  406. 
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Heart — distilled  water,  401. 

drugs  on,  401. 

effect  of  heat  on,  382. 

eleotro-motivity  of,  317. 

endocardial  nutrition,  410. 
,,  pressure,  394. 

excised,  362,  366. 

extract  of  meat  on,  408. 

frog's,  360. 

ganglia  of,  376. 

graphic  record  of,  365. 

heat  on,  362,  382. 

impulse,  414. 

inhibition  of,  S86,  417. 

innervation  of,  385. 

inorganic  salts  on,  402. 

intracardiac  ganglia,  386. 

latent  period,  380. 

lever,  369. 

mammal's,  408. 

manometer,  394. 

monopolar  method,  334. 

motor  centres,  393. 

movements  of,  364. 

muscarin,  403. 

nervous  system  pn,  385. 

uicotin  on,  404. 

ox,  421. 

perfusion,  396. 

pilocarpin  on,  406. 

reflex  inhibition,  271,  287. 

refractory  period,  383. 

saline  on,  402. 

salts  on,  402. 

section  of  364. 

snip,  373. 

sounds  of,  414. 

staircase  of,  379. 

Stannius'  experiment,  377. 

supra-renal  extract  on,  407. 

suspension  methods,  369. 

swallowiug  on,  416. 

sympathetic  on,  392, 

tonometer,  397. 

tortoise's,  367. 

vagus  on,  388. 

valves  of,  408. 
Heat  on  cilia,  35S. 
on  heart,  362. 
on  muscle,  225. 
on, nerve,  347. 
Heat-rigor  of  muscle,  270. 
Heller's  blood  test,  169. 


Hellsr's  test,  166. 
Helmholtz's  modification,  215,  228. 
Hemialbumose,  85. 
Hemipeptone,  85. 
Hempel's  method,  478. 
Hering's  apparatus  for  contrast,  545, 
551. 

,,         experiments  on  nerve,  327. 

,,        myograph,  330. 
Hermann's  scheme,  340. 
Hetero-albumose,  79,  87. 
Hippuric  acid,  158. 
Histidin,  11. 
HistohEematin,  10. 
Holmgren's  apparatus,  444. 
,,  worsteds,  546. 

Hopkin's  uric  acid  method,  155. 
Hot  spots,  571. 

Hufner's  urea  apparatus,  147,  151 . 
Huppert's  test,  170. 
Hydrocele  fluid,  43. 
Hydrochloric  acid,  dilute,  78. 
Hydrogen  peroxide,  38. 
Hydrostatic  test,  468. 
Hyoglossus,  221,  259,  293. 
Hypnosis,  505. 
Hypobromite  method,  147. 
„  of  sodium,  147. 

Illuminated  ox  heart,  421. 
Illusions  connected  with  skin,  568, 

572. 
Image,  formation  of,  in  eye,  509. 
Impressions,  duration  of,  526. 
Indefatigability  of  nerve,  298. 
Independent  muscular  excitability, 

236. 
Indican,  162,  163. 
Indifferent  fluids,  221. 
Indigo-carmine  test,  20,  173. 
Indigo-forming  substance,  162. 
Indigqgens,  162. 
Indirect  stimulation,  234. 

„       vision,  339. 
Indol,  93,  96,  162. 
Induced  electricity,  208. 
Induction  coil,  208. 

,,         Bowditoh's  form,  210. 
Ewald's  form,  210. 

, ,         graduated  form  of,  210. 

,,         in  nerves,  218. 

,,         new  form  of,  211. 

„        shocks,  effects  of,  213. 
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Inflammation,  445. 
Inhibition  of  rabbit's  heart,  4*7. 
Inhibitory  heart  arrest,  380.  f 
Inhibitory  nerve,  385. 
Interference  phenomenon,  311. 
Interrupted  current,  214,  228. 
Intra-ocular  pressure,  563. 
Intra-pleural  pressure,  470. 
Intra-thoracio  pressure,  470. 
Invertase,  95. 
Inverted  image,  509. 
Invertin,  95. 
Invert-sugar,  29. 
Iodine  solution,  597. 

,,      in  thyroid,  123. 
Iodoform  test,  178. 
Iris  movements,  518. 
Iron  in  blood,  47. 

,,      inorganic,  104. 

,,     organic,  104. 

, ,      test  for,  104. 
Irradiation,  494,  533. 
Isometric  contraction,  267. 
Isotonic  , ,  249. 

„        solutions,  45,  69,  222,  486. 


Jaffe's  test,  160,  162. 
Joints,  sensations  from,  579. 
Judgment  of  direction,  539. 

,,         of  distance,  538. 

,,         of  size,  539. 

Kathode,  194. 
Kathodic  stimulus,  339. 
Keratin,  15. 
Key— Brodie's,  217. 

,,      Du  Bois-Reymond's,  199. 

,,       mercury,  201. 

„      Morse,  202. 

„      Ostwald's,  203. 

„      plug,  203. 

„       spring  or  contact,  202. 

„      trigger,  203. 
Kjeldahl's  method,  143,  145. 
Knee-jerk,  496. 
Kcenig's  flames,  483. 
Kreatin,  118. 
Kreatinin,  119,  160. 
Kroneoker's  frog  manometer,  394. 

, ,  perfusion  cannula,  396. 

Kiihne's  artificial  eye,  662. 

,,        curare  experiment,  242. 


Kiihne's  double  conduction    experi- 
ment, 345. 
„         gastric  juice,  78. 
„         gracilis  experiment,  345. 
,,         muscle-press,  327. 
,,         nerve  current  experiment, 

327. 
,,         pancreas  powder,  90. 
„         sartorius  experiment,  239, 
345. 
Kiilz's  method  for  glycogen,  107. 
Kymograph,  449,  601. 

,,  spring,  463. 

Laet-albumin,  5,  no. 

Lactic  acid,  112. 
Lactoscope,  115. 
Lactose,  24,  28,  116. 
Lambert's  method,  542. 
Lardacein,  13. 
Laryngoscope,  481. 
Latent  period  of  heart,  380. 

,,  ,,      muscle,  258. 

„  „      reflex,  493. 

„  ,,      vagus,  391. 

Laurent's  pdarimeter,  30. 
Lecithin,  ^124. 
Leclanch^  cell,  195. 
Legal's  test,  178. 
Leucin,  93,  96. 
Leucocytes,  counting,  62. 
Levulose,  95. 
Lieberkiihn's  jelly,  7. 
Liebermann's  reaction,  11,  102. 
Liebig's  extract  of  meat,  118. 

,,        process  for  urea,  150. 
Lieben's  test,  178. 
Ligature,  'effect  of,  410. 
Liquor  panoreaticus,  90. 

,,      pepticus,  78. 
Listing's  reduced  eye,  519. 
Lithates,  157. 
Liver,  extracts  of,  93. 

,,      glycogen  in,  105. 

,,      iron  in,  104. 
Load  on  muscle,  270. 

,,  ventricle,  379. 
Localisation,  566,  568. 
Locke's  fluid,  396,  411. 
Ludwig's  kymograph,  449. 

,,         sphygmograph,  425. 
Lungs,  elasticity  of,  468. 

, ,       permeability  of,  472. 
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Lustre,  558. 
Lymph-hearts,  445. 

,,       sac,  446. 
Lysatiniu,  96. 
Lysin,  11,  92,  96. 

Magnesia  mixture,  135. 
Magnetic  tuning-fork,  295. 
Make  shocks,  213-. 
Malt  extract,  76. 
Maltose,  23,  28,  75. 

„         estimation  of,  24. 
, ,         reducing  power,  24,  76. 
,,         salivary  digestion,  75. 
Manometer,  frog,  394. 

,,  membrane,  464. 

,,  mercury,  449. 

Manometric  flames,  483. 
Marey's  cardiograph,  415. 
,,        myograph,  276. 
,,        sphygmograph,  423. 
,,        tambour,  264. 
Mar^ohal's  test,  169. 
Mariotte's  experiment,  520. 
Maximal  contraction,  227. 
Maxwell's  experiment,  523. 
Measures  of  capacity,  606. 

„  length,  606. 

Meat,  extract  of,  118, 
Mechanical  stimulation,  224. 
Meiooardia,  420. 
Mercury  key,  201. 
Methsemoglobin,  53. 

„  action  of  drugs,  58. 

,,  alkaline,  85. 

,,  crystals,  58. 

,,  neutral,  53. 

Methylene  blue,  47. 
Methyl  violet,  13,  83. 
Metronome;  295. 
Mett's  method,  88. 
Meyer  on  contrast,  549. 
Microohemical  tests,  glycogen,  109. 
„  iron,  104. 
„  ,,  phosphorus,  104. 

Micrococcus  ureae,  129. 
Miles'  experiment,  514.     ' 
Milk,  109. 

casein,  115. 
caseinogen,  110,  114, 
coagulation  of,  112. 
curdling  of,  112. 
fats  of.  111,  115. 


Milk,  gastric  juice  on,  82. 
lactalbumin  of,  110. 
opacity  of,  115. 
pancreatic  juice  on,  95. 
to  peptonise,  82,  95. 
rennet  on,  83. 
salts  of.  111. 
souring  of,  112. 
sugar  of,  110. 
Milk-curdling  ferment,  94.         ■ 
Milk-sugar,  24,  28,  110. 
Millon's  reagent,  2. 
Mineral  v.  organic  acids,  83. 
Minimal  contraction,  227. 

,,        stimulus,  379. 
Mohr's  test,  84. 
Moist  chambers,  247,  604. 
Molisch's  test,  20. 
Monobutyrin,  94. 
Monochord,  205. 
Monopolar  method,  334. 
Monosaccharides,  18. 
Moore's  test,  22,  171. 
Morse  key,  202. 
Mosso's  ergograph,  300. 

,,       plethysmograph,  448. 

),      sphygmomsiJiometer,  434 
Mucin,  10,  14. 
Mucinoid,  105. 
Mucoids,  10. 
Mucus  in  urine,  163. 
Mulberry  calculus,  186. 
Mulder's  test,  20,  173. 
Mviller's  experiment,  430. 

„        valves,  473. 
Munsterbeg  phenomenon,  556. 
Murexide  test,  154. 
Muscse  volitantes,  525. 
Muscarin  on  heart,  403. 
Muscle — Acidity  of,  295. 

„        action  current  of,  316. 

,,  ,,     of  heat,  278. 

,,  ,,      of  veratria,  282. 

,,        current  of  injury,  315. 

„        curve  of,  257. 

,,         demarcation  current,  374. 

„        direct  excitability,  239. 

,,  ,,    stimulation  of,  234. 

„        effect  of  load,  280. 

,,  „         two  shocks,  289. 

,,        elasticity,  284. 

,,        electrical  stimulation,  226. 

,,        excitability,  236. 
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Muscle,   extensibility  of,  286. 
„        extractives  of,  118. 
„        extracts  of,  117. 
„        fatigue,  296. 
, ,        independent  excitability  of, 

236. 
, ,        indirect  stimulation  of,  234. 
„         lever,  246. 
,,        load,  270,  280. 
,,        negative  variatioii,  316. 
,,        on  mercury,  230. 
„        pigments  of,  120. 
,,        plasma  of,  119. 
,,        press,  327. 
,,        proteids,  119. 
„        reaction  of,  116. 
, ,         recovery  of,  296. 
,,        relative    excitability,   232, 

240. 
„        rupturing  strain,  235. 
,,        serum,  119. 
,,        simple  contraction,227,257. 
„        smooth,  351. 
,,        sound,  235. 
, ,        specific  gravity,  256. 
„        stimulation  of,  224. 
,,        successive  shocks  on,  289. 
,,        telegraph,  600. 
,,         temperature  on,  278. 
,,        tension  of,  267. 
„        tetanus,  291. 
, ,        thickening  of,  306. 

twitch,  227. 
„         veratrin  on,  282. 
,,         wave,  308. 
„        work  of,  259,  269. 
Muscular  contraction,  249. 
„         load  on,  280. 
,,         sense,  578 
„         temperature  on,  278. 
„         veratrin  on,  282. 
Myelin-forms,  124. 
Myographio  experiments  on  man,  304. 
Myographs,  246. 

Blix's,  286. 

crank,  254,  601. 

Frederick's,  277. 

Marey's,  276. 

pendulum,  271. 

railway,  604. 

spring,  274. 

transmission,  276. 
Myosin,  10,  119. 


Myosinogen,  120. 

Nail  pulse,  428. 
Native  albumins,  4. 
Neef's  hammer,  209. 
Negative  after-images,  529. 

,,         variation,  316. 
Nerve — ^Action  current,  317. 

,,        cold  on,  348. 

,,        demarcation  current,  316. 

,,        double  conduction,  345. 

„        dying,  232. 

„        ether,  350. 

„        excitability  of,  344. 

,,        fatigue  of,  298. 

, ,        indefatigability,  298. 

„        locaUsed  cold  on,  348. 

„        relative     excitability,    232, 
240. 
salt  on,  225,  336,  347. 

,,        section  of,  348. 

, ,        unequal  excitability,  346. 

„        velocity  of  impulse,  341. 
Nerve-muscle    preparation,   219, 

222. 
Nervous  tissue,  chem.  of,  123. 
Neuramcebimeter,  503. 
Neuro-keratin,  15. 
New's  apparatus,  333. 
Niootin  on  heart,  404. 
Nitrites,  541. 

„         in  saliva,  74. 

„        on  muscle,  120. 
Nitrogen,  estimation  of,  143,  146. 

,,        in  albumin,  11. 
Nitropropiol,  20. 
Non-polarisable  electrodes,  204. 
Normal  saline,  45,  221. 

„      soda  solution,  131. 

,,      urobilin,  161. 
Nucleiu,  124. 

,,        bases,  158. 
Nucleo-albumin,  10,  592. 
Nucleo-histon,  10. 
Nucleo-proteids,  124. 

Ohm,  198. 

Oils,  chemistry  of,  32. 

,,     neutral,  94. 
Olein,  32. 
Olfactometer,  583. 
Olfactory  sensations,  582. 
Oliver's  hsemooytometer,  63. 
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Ophthalmometer,  515. 
Ophthalmoscope,  560. 
Ophthalmotonometer,  563. 
Oppel's  lines,  535. 
Orcein,  21. 

Organic  acids  as  tests,  83. 
Organised  deposits  in  urine,  182. 
Osazones,  21. 
Osmotic  pressure,  485. 
Ossein,  34. 
Ovomucoid,  113. 
Ox-heart,  421. 
Oxalate  of  lime,  1 39. 
,,      plasma,  42. 
Oxidase,  122,  593. 
Oxy-hssmoglobin,  50. 

, ,  crystals  of,  48. 

,,  reduction  of, '52. 

„  spectrum   of,    50, 

70. 
Ozone  test  for  Hb,  48. 

Pain  spots,  576. 

Palmitin,  32. 

Pancreatic  action  on  fats,  93. 

,,  „       on  proteids,  91. 

„  ,,      on  starch,  90. 

,,  digestion,  89. 

,,  extracts,  89. 

,,  juice,  89. 

,,  milk,  95. 

„  peptones,  91. 

,,  powder,  dry,  90. 

Paradoxical  contraction,  326. 
Paraglobulin,  40. 
Paramsecium,  356. 
Pause,  compensatory,  383. 
Pavy's  fluid,  175,  597. 
Pea-meal,  114. 

Pembrey,  action  of  drugs,  408. 
-Pendulum  myograph,  271,  343. 
Pepsin,  77,  78,  163. 

„      comparison  of,  88. 
Pepsinogen,  123. 
Peptones,  8,  79. 

commercial,  8. 
difflisibility  of,  9. 

„        tests  for,  9,  81. 
Witte's,  8,  489. 
Peptonised  milk,  95. 
Peptonuria,  167. 
Perfusion,  395,  412. 
Perimetry,  530. 


Peripheral  projection,  576. 
Perrin's  eye,  561. 
Pettenkofer's  test,  99,  170.      . 
Pfliiger's  law  of  contraction,  328. 
Phakoscope,  515. 
Phenol  in  urine,  163. 
, ,      tests  for,  179. 
Phenolphthalein,  73. 
Phenyl-glucosazon,  21. 

,,  ,,  tests  for,  172. 

,,      hydrazin  test,  21,  172. 
,,       maltosazon,  24. 
Phillips,  action  of  drugs,  408. 
Phloro-glucin,  21. 

„      vanillin,  76,  84. 
Phonendoscope,  422. 
Phosphates  in  urine,  133,  158. 

,,  mixed,  186. 

Phosphenes,  523. 
Phosphomolybdic  acid,  3. 
Phosphoric  acid,  137. 

,,  volumetric    process    for, 

137. 
Phosphorus,  test  for,  104. 
Phosphotungstio  acid,  3. 
Physiological  anode,  333. 

„  apparatus,"  list  of 

makers  of,  607. 
,,  rheoscope,  324. 

Pialyn,  94. 
Picric  acid,  171. 
Picro-carmine,  spectrum  of,  56. 
Picro-saccharimeter,  175. 
Pigments  of  bile,  100. 

,,  urine,  161. 

Pilocarpin  on  heart,  406. 
Pince  myographique,  307. 
Piotrowski's  reaction,  2. 
Piston-recorder,  429. 
Pithing,  219. 
Plasma  decalcified,  42. 
„      of  blood,  41. 
,,      of  muscle,  119. 
,,      oxalated,  42. 
,,      proteids  of,  41. 
,,      salted,  41. 
Plasmine,  42. 
Plattner's  bile,  99. 
Plethysmograph,  446. 
Plug  key,  203. 
Poggendorffs  illusion,  537. 
Pom's  commutator,  204. 
Polarimeters,  29. 
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Polarisation    of    electrodes,    203, 

335. 
Polar  stimulation,  331,  334,  353. 
Polygraph,  419,  467. 

,,         clinical,  435. 
Polysaccharides,  25. 
Positive  after-images,  528. 
Potassio-mercuric  iodide,  597. 
Potassium  bromide,  495. 

,,         chloride,  495. 

„  sulphocyanate,  74. 

Pratt,  nutrition  of  heart,  410. 
Preformed  sulphuric  acid,  132. 
Pressure  sense,  573,  575. 
Protamines,  10. 
Proteids,  1. 

,,        as  emulsifiers,  94. 

, ,        classification  of,  4. 

,,        coagulated,  9. 

„        coagulation  by  heat,  4. 

„        combined,  10. 

„        crystallisation  of,  12. 

,,        effect  of  acids,  &o.,  3. 

, ,        general  reactions,  2. 

„        halogen  derivatives,  13. 

,,         non-difiusibility,  11, 

,,        precipitation  by  salts,  3. 

, ,         removal  of,  13. 

,,       ■  rotatory  power,  31. 

„        smooth  muscle,  354. 
Protein-ohromogen,  93. 
Proteoses,  8,  81,  87. 

„         primary,  19. 

,,  secondary,  79. 

Proto-albumose,  78,  87. 
Pseudoscope,  559. 
Ptyalini  73. 
Pulse,  422.   . 
„      delay,  439. 
,,      volume,  449. 
,,       wave,  440. 
Pupil,  518. 
,,      albino,  518. 
„      light  on,  518. 
„      reflex,  518. 
Purkinje's  figures,  525. 

,,         phenomenon,  544. 
Purkinje-Sanson's  images,  514. 
Pus  in  urine,  183. 
Putrefactive  products  of  pancreatic 

digeation,  92. 
Pyjooateohin,  179. 
I^uria,  183. 


Quadriurates,  158. 
Quantitative  estimation  of  acidity, 

130. 
„  ,,     of  chlorides, 

132. 
„  ,,      of  phosphates, 

137. 
,,  ,,     of  sugar,  174. 

,,  ,.      of  urea,  117. 

,,  >,     of  uric  acid, 

155. 

Rabbit-holder,  453. 

Radial  movement,  539. 

Ragona  Soina,  550. 

Ranvier's  emulsion  experiment,  33. 

Reaction,  biuret,  9. 

„        of  Adamkiewioz,  11. 

„        of  Liebermann,  11,  102. 

„        of  Piotrowski,  2. 

, ,        of  Uffelmann,  84. 

,,         xanthoproteic,  2. 
Reaction-time,  500. 
Recording  apparatus,  244,  454. 
Reduced  alkali-hsematin,  56. 
,,       haemoglobin,  52. 

,,  ,,       spectrum  of,  71. 

Reflex  action,  492. 

,,      tone,  506. 
Rennet,  83. 

„  vegetable,  94. 
Repeated  shocks,  228. 
Resistance,  paradoxes,  580. 

,,  sense  of,  579. 

Resoroin,  21. 

Respiration,  artificial,  472. 
,,  cannula,  472. 

„  on  pulse,  295. 

,,  voluntary,  468. 

Respiratory  movements,  466. 

of  frog,  470. 
Retinal  rivalry,  557. 

,,       shadows,  524. 
Reverser,  204. 
Rheoohords,  206,  208,  337. 
Rheometer,  441. 
Eheonome,  233. 
Rheoscopic  limb,  324. 
Riegler's  test,  22. 
Rigor  caloris,  117. 
Ringer's  fluid,  402. 
Ritter's  tetanus,  339. 
RoUett  on  flexors,  348. 
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Rosenbaoh'e  teat,  169. 
Bosenthal's  modification,  241. 
Roy's  tonometer,  .397. 


SaceharimeteF,  174. 
Saccharoses,  18. 
Salicylates,  179. 
Salicyl-sulphonic  acid,  167. 
Saliva,  73. 

,,      digestive  action  of,  74. 
Salivary  digestion,  74. 

»  >)         drugs  on,  77. 

,,  „         effects  on,  75. 

,,       extract,  73. 
„        secretion,  487. 
Salted  meat,  120. 
Salt  tetanus,  225. 
Saponification,  32. 
Sartorius  of  frog,  224,  2.30,  345. 
Schafer's  piston  recorder,  397. 
Soheiner's  experiment,  512. 
Schiff's  test,  155. 
Schweitzer's  reagent,  29. 
Sciatic  plexus,  348. 
Secondary  contraction,  324,  325. 
,,  „      Biedermann's 

modification, 
327. 
„  „      Bering's,  328. 

,,  tetanus,  324. 

Semi-circular  canals,  585. 
Semi-membranosus   and    gracilis, 

221. 
Serpent's  urine,  158. 
Serum  of  blood,  39. 
, ,      proteids  of,  40. 
,,      salts  of,  44. 
, ,      sugar  of,  44. 
„      to  obtain,  39. 
Serum-albumin,  5,  39,  40. 
,,      globulin,  6,  39,  40,  45. 
„      proteids,  39,  41. 
,,  „         coagulation    of, 

40. 
„  ,,         precipitation  of, 

41. 
Shadows,  coloured,  553. 
,,         on  retina,  524. 
Shielded  electrodes,  211. 
Shunt,  314. 
Silhouette  curve,  298. 
Simple  muscle-curve,  257. 


Simultaneous    contrast,   546,    551, 

552. 
Single  contraction,  229,  248. 
,,      induction  shocks,  212. 
Size,  539. 
Skatol,  96. 

Skin,  sensations  from,  565. 
Smell,  582. 
Smooth  muscle,  120. 
Soap,  32. 

Solubilities,  table  of,  606. 
Soluble  albumin,  5. 

„      starch,  26,  75. 
Spatial  perception,  534. 
Specific  rotation,'  29. 
Spectroscope,  48. 
Spherical  aberration,  510. 
Sphygmoohronograph,  435. 
Sphygmographs,  422. 
Sphygmomanometer,  434. 
Sphygmoscope,  429. 
Spinal  nerve,  overlap,  499. 

,,         ,,      roots,  498. 
Spirometer,  473. 
Spring  key,  202. 

,,      kymograph,  463. 
„      myograph,  274. 
Staircase  of  heart,  297,  379,  384. 
Stannius'  experiment,  377. 
Starch,  25. 

action  of  malt,  76. 

animal,  27,  105. 

colloid,  28,  76. 

conversion  to  sugar,  26. 

potato-,  25. 

soluble,  26. 

stages  to  glucose,  26. 
,,         maltose,  75. 

under  miscroscope,  25. 
„     polariscope,  25. 
Steapsin,  94. 
Stearin,  32. 

Steell's  apparatus,  for  urea,  149. 
Stellar  phosphate,  135. 
Stenson's  experiment,  497. 
Stereognostio  sense,  586. 
Stereoscope,  557. 
Stethographs,  466. 
Stethometer,  468. 
Stethoscope,  414. 
Stimuli,  224. 
Stokes'  fluid,  52. 
Strasburger's  teat,  170. 
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Strobic  discs,  539. 
Struggle  of  fields  of  vision,  557. 
Strychnin,  494. 
Submaxillary  gland,  487. 
Successive  light  induction,  552. 
Successive  shocks,  289. 
Suoous  entericus,  95. 
Sugar  in  urine,  170. 

,,      estimation  of,  174. 

„     fermentation  method,  176. 

,,     tests  for,  171. 
Sulphates,  132. 

,,         ethereal,  132,  163. 
Sulph-hsemoglobin,  59. 
Sulphocyanides,  74. 
Sulphur  in  albumin,  11. 

„       test  for  bile,  100,  170. 
Summation,  290. 

„  of  stimuli,  232. 

Suprarenal  extract,  408,  491. 
Suspension  method,  369,  371. 
Swallowing  on  heart,  416. 
Switch,  203. 
Syinpathetio  of  frog,  392. 

,,  nerve  of  neck,  484. 

„  of  rabbit,  455. 

Syntonin,  7. 


Tactile  discrimination,  566. 
Talbot's  law,  526. 
Tambour,  264. 
Tapping  experiment,  506. 
Taste,  580. 
Taurin,  99. 
Taurochohc  acid,  99. 
Telephone  experiment,  235. 
Temperature,  on  muscle,  278. 
„  sense  of,  569. 

,,  spots,  569. 

Tendon,  to  rupture,  235. 
Tension  of  muscle,  267. 

„       recorder,  305. 
Test  meal,  89. 

,,    types,  517. 
Tetanomotor,  225. 
Tetanus,  291,  294. 

„        fitter's,  339. 

„        secondary,  324. 
Thermal  stimulation,  224. 
Thermometrio  scales,  262. 
Thermotaxis,  359. 
Thoma-Zeiss  heemooytometer,  61. 


Threshold  for  pain,  577. 

„         for  touch,  566. 
Thrombase,  122. 
Thymol,  91. 
Thymus  gland,  124. 
Thyroid  gland,  123. 
Time-markers,  607. 
Tissue-fibrinogen,  16. 
Toepfer's  test,  83. 
Toluylenediamin,  104. 
Tonograms,  267. 
Tonometer,  397. 
Tonus,  499.     • 

,,      of  auricles,  380. 
Total  N,  estimation  of,  143. 
Touch,  566. 

Trichloracetic  acid,  107,  167. 
Trigger  key,  203. 
Triple  phosphate,  136. 
Trommer's  test,  19,  171. 
Tropajolin,  83. 
Tropostereoscope,  559. 
Trypsin,  90,  93. 
Tryptophan,  83. 
Tryptic  digestion,  90. 
Tubes,  rigid  and  elastic,  441. 
Tiirck's  method,  493. 
Twitch,  229,  248,  255. 
Tyrosin,  93,  96. 


Uffelmann's  reaction.  84. 
Umikoffs  reaction,  112. 
Unipolar  stimulation,  231,  348. 
Unorganised    deposits    in    urine, 

183. 
Urates,  157. 
Urea,  140. 

„     Kjeldahl's     estimation    of, 
143. 

,,      nitrate,  141. 

,,      of  serum,  44. 

,,     oxalate,  141. 

„      preparation,  140. 

,,      quantity,  143. 

„     reactions  of,  142. 

,,     synthesis  of,  152. 

,,     volumetric  analysis,  147. 
Ureameter,  148. 

,,  of  Doremus,  149. 

Urease,  122. 
Uric  acid,  153. 

,,         calculi,  185. 
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Urio  acid,  estimation  of,  155. 

, ,         Hopkins'  method  for,  155. 
„         preparation,  153. 
,,         quantity,  154. 
„         reactions,  154. 
,,         salts  of,  157. 
„         tests,  154. 
Urinary  calculi,  185. 

„       deposits,  179,  182. 
Urine,  125. 

abnormal  constituents,  164. 
acidity,  128,  130. 
albumin  in,  164. 
alkalinity,  128. 
bile  in,  169. 
blood  in,  168. 
chlorides,  132. 
colour,  125. 

colouring-matters,  161. 
diabetic,  171. 
deposits  in,  179,  182. 
fermentation  method,  176. 
fermentations  of,  129. 
ferments  in,  163. 
general  examination  of,  188. 
inorganic  bodies,  131. 
mucus  in,  163. 
odour,  127. 
organic  bodies,  140. 
phenol  in,  163,  179. 
phosphates  in,  133. 
pigments  of,  161. 
pus  in,  183. 
quantity,  125. 
reaction,  127. 
reaction  to  reagents,  164. 
solids  in,  127. 
specific  gravity,  126. 
sugar  in,  170. 
sulphates  in,  132. 
transparency,  129. 
urates  in,  156. 
urea  in,  140. 
urio  acid  in,  153. 
f:.       Urinometer,  126. 

Urobilin,  161. 
;  „         febrUe,  162. 

j        Urochrome,  161. 
'        Uroerythrin,  161. 


Vago-sympathetie, 

Vagus  of  frog,  390. 


385. 


Vagus  of   frog,    latent   period    of, 
391. 

„       of  rabbit,  455. 

„      on  heart,  456,  462. 

„      stimulation,  393. 
Valsalva's  experiment,  430. 
Valves  of  heart,  408. 
Vanillin,  84. 
Varnish,  248. 
Vascular  tonus,  484. 
Vaso-motor  nerves,  484. 
Vegetable  albumin,  113. 
,,  enzymes,  91. 

Veratrin,  282. 
Vibrating  reed,  275. 
Vision,  physiology  of,  509. 
Visual  axes,  539. 

„      judgments,  534. 
Vital  capacity,  473. 
Vitellin,  10,  113. 
Vogel's  laotoscope,  115. 
Volkmann's  experiment,  521. 
Volt,  198. 
Volumetric  process,  136. 

,,  for    phosphoric 

acid,  137. 
„  for  sugar,  174. 

„  for  urea,  147. 

Vomit,  examination  of,  88. 
Vowel-soimds,  484. 


Waller,  knee  jerk,  497. 
Warm  spots,  571. 
Wave-lengths,  69. 
Wave  of  muscle,  308. 
Weber's  circles,  574. 
law,  532,  572. 
„        test,  162. 
Weights,  575,  579. 
Wenz's  method,  13. 
Weyl's  test,  160. 
Wheaten  bread,  114. 
flour,  113. 
Wheatstone's    fluttering    hearts, 
511. 
„  stereoscope,  558. 

Wheel  movements,  532. 
Whistle,  Galton's,  584. 
White  of  egg,  1,  2. 
Wild's  apparatus,  310. 
Wilke's  reagent  paper,  199. 
WiUiams'  heart  apparatus,  400, 


624 

Witte's  peptones,  8,  86. 

„  action  of,  490. 

Wittioh's  method,  78. 
Work  done  by  muBole,  259,  269. 
Writing  point  of  Bayliss,  376. 

Xanthin,  118, 158, 185. 
bodies,  381. 
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Xanthoproteic  reaction,  2. 

Yellow  spot,  523. 
Yolk  spheres,  113. 

ZoUner's  lines,  536. 
Zymase,  121. 
Zymogens,  89,  123. 
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For  the  Use  of  Practitioners  and  Students. 
By   R.    S.    AITCHISON,    M.D.Edin.,    F.R.C.P. 

H^itA  Numerous  Illustrations. 

General  Contents. — Case-taking — Diseases  of  the  Circulatory  System — 
of  the  Respiratory  System — ^of  the  Renal  System — of  the  Digestive  Systan — 
of  the  Nervous  System — of  the  Hsemopoietic  System — Fevers  and  Miasmatic 
Diseases — Constitutional  Diseases — General  Information  and  Tables  Useful 
to  the  Practitioner — Rules  for  Prescribing — Prescriptions — Appendix. 

"  Such  a  work  as  this  is  really  necessary  for  the  busy  practitioner. _  The  field  of  inedicine 
u  so  wide  that  even  the  best  informed  may  at  the  moment  miss  the  salient  points  in  diagnosis 
.  .  .  he  needs  to  refresh  and  revise  his  knowledge,  and  to  focus  his  mind  on  those  things 
which  are  es-sentiat..  We  can  speak  highly  of  Dr.  Aitchison's  Handbook.  .  .  . 
Honestly  Executed.  .  .  .  No  mere  compilation,  the  scientific  spirit  and  standard 
'Uaintained  throughout  put  it  on  a  higher  plane.  .  .  .  Excellently  got  up,  handy  and 
portable,  and  well  adapted  for  ready  reference." — The  Lancet. 

"  We  STRONGLY  RECOMMEND  this  little  work  as  a  reliable  guide  for  medical  practice. 
'Elegantly  got  up." — Liverpool  Medico-Chi-rurgical  Review. 

'*  As  a  means  of  ready  reference,  most  complete.  The  busy  practitioner  will  often 
'tutu  to  its  pages."— yi7«rw.  of  the  Americati  Med.  Association. 


Elevanth  Edition,   Thoroughly  Revised.     Poeket-Size,  Leather,  %s.  6d.     With  very 
Numerous  Illustrations. 

A    SURGICAL    HANDBOOK, 

jfot  ipractlttoners,  Stu&cnts,  1bouse=Surgcons,  anJ)  2)iC6sera. 

BY 

P.    M.    CAIED,  ^jjj,       C.   W.   CATHCART, 

M.B.,  P.K.O.S.  (Ed.),  M.B.,  E.K.O.S.  (Eng.  &  Ed.), 

AssittantSurgeons,  Royal  Infirmary,  Edinburgh. 


*»*  The  New  Edition  has  been  thoroughly  Revised  and  partly  Re-written.  Much 
"New  Matter  and  many  Illustrations  of  New  Surgical  Appliances  have  been  introduced. 

GENERAL  CONTENTS.— Case-Taking— Treatment  of  Patients  before  and 
after  Operation— Anaesthetics:  General  and  Local — Antiseptics  and  Wound- 
Treatment — Arrest  of  Hsemorrhage — Shock  and  Wound  Fever — Emergency 
Cases — Tracheotomy:  Minor  Surgical  Operations — Bandaging — Fractures — 
Dislocations,  Sprains,  and  Bruises — Extemporary  Appliances  and  Civil 
Ambulance  Work — Massage — Surgical.  Applications  of  Electricity — Joint-Fixa- 
tion and  Fixed  Apparatus^The  Syphon  and  its  Uses— Trusses  and  Artificial 
Limbs — Plaster-'Casting — Post-Mortem  Examination — Sickroom  Cookery,  &c 

"  Thoroughly  practical  and  trustworthy.    Clear,  accurate,  succinct." — The  LanceL 

''Admirably  arranged.  The  best  practical  little  work  we  have  seen.  The  tnatt^r  is  as 
.good  as  the  manner," — Edinburgh  Medical y ournal. 

"This  excellent  little  work.     Clear,  concise,  and  very  readable.    Gives  attention  to 
important  details,  often  omitted,  but  absolutely  necessary  to  success." — Aihen^eutn, 
A  dainty  volume." — Manchester  Medical  Chronicle. 
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Griffin's   « Poeket-Book "   Series. 


Second  Editiom-,  Thoroughly  Revised  and  partly  Ee-written.    Pocket  Size. 
Leather.     With  Illustrations.     8s.  6d.  net. 

A  HAND-BOOK   OF  HYGIENE. 

BY 

LT.-COLONEL    A.    M.    DAVIES,    D.RH.Oamb., 

Late  AsaistaQtrProfesRor  of  Hygiene,  Army  Uedical  School. 


General  Contents. 


Air  and  Ventilation— Water  and  Water  Supply — Food  and  Dieting — 
Removal  and  Disposal  of  Sewage — Habitations — Personal  Hygiene — Soila 
and  Sites — Climate  and  Meteorology — Causation  and  Prevention  of  Disease 
— Disinfection. 

"~We  are  glad  to  welcome  Surgeon-Haior  Davies'  book  ...  he  has  had  ample  opportunity 
to  make  himself  a  UABiica  or  thb  bcebkcb,  and  he  has  a  right  to  speak.  .  .  .  Wondsevully 
WBLL  UP  TO  DATS,  Well  and  clearly  written,  pleasant  to  read.'  —The  Lancet. 

**ThlB  ADUIEABLB  HAiTDBOOs!  .  .  .  gives  FULL  information  compressed  into  the  smalleft 
e^iasible  hulk."— A'dift.  JiSTed.  Journal. 

"The  elegant  dress  of  the  little  volume  before  ua  is  but  the  outer  covering  of  a  raniT  bjch 
xxvtsL,  and  justly  merits  the  praise  it  spontaneously  calls  forth.  Attractive  to  the  e/e,  Surgeon- 
Uajor  Datibs'  volume  is  equally  attractive  to  the  mind.  Students  will  find  that  its  680  pa^TM 
cmnprise  all  information  necessary.  Coupact,  hahdt,  cohp&ehskbite,  it  certainly  marits  a 
hfeh  place  among  the  text-books  of  the  A&y."— Sanitary  Beaord. 

''^Really  an  ADUiBABLB  BOOK.  .  .  .  A  uosir  hahdt  wore  op  bbpbbbhcb  full  of  information." 
rr-Tht  So^pital. 

"  A  liogularly  compact  and  elegant  volume  .  .  .  contains  an  admirable  prioi*  of  everythliiK 
nlatliu'  to  Hygiene  clbablt  and  logicallt  ABEANasD  and  easy  of  reference.  Likely,  we  think* 
to  tM  the  favourite  text-book."— Fu&Eic  Health. 


FouKTH  Edition,  Revised  and  enlarged.    Leather,  with  152  lUutirattont 
and  Folding-plate-    8j.  td, 

THE    SURGEON'S     POCKET-BOOK. 

Specially  adapted  to  tbe  public  iCedfcal  Setvices 

By    MAJOR    J.    H.    PORTER. 

Reuised  and  in  great  part  rewritten 

By   brigade-surgeon    C.,H.   Y.   GODWIN, 

Late  Professor  of  Military  Surgery  in  the  Aimy  Medical  SchooL 

"An  INVALUABLE  GUIDE  to  all  engaged,  or  likely  to  be  engaged,  in  Field  MedicfU 
Senrice."— Z.a»«t 

"A  complete  viuU  ttucum  to  guide  the  military  surgeon  in  the  field." — Britij^ Uedical 
JaunuU. 
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Griffin's  "Pocket-Book"  Series. 


Pocket-size.     Leather,     With  Illustrations,  Many  in  Colours,     10s.  6d. 

OUTLINES  OF  BACTERIOLOGY 

A  Practical  Handbook  for  Students. 

ON  THE  BASIS  OF  THE 

PRECIS      DE      IVIICROBIE 

(OUVEAGE  COUBONN^  PAR  LA  FaCULT]^  DE  M:gDECINB  DE  PaBIS). 


Db.  L.  H.  THOINOT,  E.  J.  MASSELIN, 

ProlesBeur  agr^g^  h,  la  Eacult^,  ^^^  M^deoin  T^t^rinaire. 

M^decin  des  Hdpitaux. 

Translated  and  adapted  for  English  Use,  with  Additions, 

BY 

WM.   ST.    CLAIR  SYMMERS,   M.B.(Aberd.), 

Professor  of  Pathology  and  Bacteriology,  Govt.  Medical  School,  Cairo,  late  Assistant- 
Bacteriologist,  British  Institute  of  Preventive  Medicine,  London ;  Pathologist; 
Lancashire  County  Asylum,  Prestwick;  and  Pathologist,  General  Hospital,  Bir- 
mingham, &c.,  &c. 

Contents.— I.  Glass  Apparatus.  II.  Preparation  and  Sterilisation.— Culture  Media. 
III.  Autoclave  and  Incubator.  IV.  Experiments  with  Living  Animals.  V.  VI.  General 
Culture  Methods.  YII.  Colouring  and  Staining.  VIII.  Microscopic  Examination. 
Part  II.— I.  Diseases  Common  to  Man  and  Lower  Animals.  11.  Diseases  Special  to 
Higher  Animals.    III.  Microbic  Diseases  peculiar  to  Man. 

"  Contains  far  more  information  than  the  original  work." — Literatv/re. 

'*  The  information  conveyed  is  singularly  pull  and  complete.  The  work  com- 
pares VERT  FAVOURABLY  in  this  respect  with  manuals  of  much  larger  size.  "We  recom- 
mend the  book  for  its  accuracy,  clearness,  novelty,  and  convenient  size."— TAe 
Lancet. 


Pocket-Size.     Leather.     With  Illustrations,     lOs,  ^d, 

THE    DISEASES    OF   CHILDREN: 

A    CLINICAL    HANDBOOK. 

BY 

GEO.  ELDER,  ^^^  J.  S.  FOWLER, 

M.D.,  F.R.C.P.(Ed.),  ■*  "  M.B.,  F.R.C.P.(Ed.), 

Clinical  Tutors,  Boyal  Infirmary,  Edinburgh ;  Physicians  for  Out-patients,  Leith  Hospital. 

"Much  more  is  contained  in  it,  than  in  many  similar  books  professing  more." — 
Bristol  Medical  Journal. 

"  May  be  cordially  ve<sommeuieA."—Edinbu/rgh  Medical  Jov/mal. 

SjONDON:  CHARLES  6RIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND. 


MEDICINE  AND  THE  ALLIED  SCIENCES. 


§§13-14.  STUDENTS'  STANDARD  TEXT-BOOKS. 

F-ully    Illus'tx>a<'tecl. 


Practical  Physiology,     . 
Practical  Histology, 
Physiologist's  Note-book, 
Biology  (Vegetable), 
Biology  (Animal), 
Botany :  the  Flowering  Plant, 
Zoological  Pocket-book, 
Inorganic  Chemistry, 
Quantitative  Analysis, 
Qualitative  Analysis, 

Practical  Pharmacy, 

Physics, 

Midwifery,  . 
Diseases  of  Women, 
Wife  and  Mother,  . 
Infant  Rearing,  . 
Lunatic  Asylums,  . 
Nursing,    Medical   and    Sur 

gicaJ, 
Poods  and  Dietaries  for  the 

Sick, 
Ambulance,  . 
rirst  Aid  at  Sea, 
Practical  Sanitation, 
Hygienic  Prevention  of  Con 

sumption, . 


Prof.  Stirling,  M.D., 
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102 

102 

Alex  Hill,  M.D.,  .   ,     .105 

Prof.  Ainsworth  Davis,  104 

104 
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Profs.  Selenka  &  Davis,  105 

Profs.  Dupre  and  Hake,  111 

Prof.  Humboldt  Sexton,  111 

111 

J  Wm.     Elborne,     F.L.S., 
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f  Profs.    Poynting     and 

\     Thomson,    .         .         .113 

Arch.  Donald,  M.D.,     .  105 

John  Phillips,  M.D.,     .  105 

A.  Westland,  M.D.,       .  108 

J.  B.  Hellier,  M.D.,      .  108 

Charles  Meecier,  M.B.,   10& 

|l.  Humphry,  M.D.,         .  107 

|e.  Burnet,  M.D.,   .        .107 

J.  Scott  Eiddell,  CM.,  .  109 
Johnson  Smith,  M.D.,  .  109 
Geo.  Eeid,  M.D.,  D.P.H.,  110 

I  J.  E.  Squire*  M.D.,  D.P.H.,  110* 
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OBABLES  GRIFFIN  S  OO.'S  PUBLIOATIONB. 


By  WILMAM  STIRLING,  M.D.,  Sic.D., 

^ProfesBor  in  the  Victoria  UniverBity,  Brackenbury  Professor  of  Phyeiology  and  Histology 

in  the  Owens  College,  Manchester;  and  Examiner  in  the  UnlTereities  of  Oxford, 

Ediiihargh,  and  London;  and  for  the  Fellowship  of  the  Boyal 

College  of  Surgeons,  England. 


FouETH  Edition,  at  Press*     Thoroughly  Revised  and  largely  Re-written^ 
In  Extra  Grovm  8vo,  with  620  pp.  and  over  460  Illustrations, 

PRACTICAL    PHYSIOLOGY: 

Being'  a  Manual  fop  the  Physiological  liabopatopy,  includlnir 

Chemical  and.  Kxpepimental  Physiology,  v^th 

Refepence  to  ppactical  Medicine. 

PART   I,— -CHEMICAL    PHYSIOLOGY. 

PART    II.— KXPKRIMKNTAL    PHYSIOLOGY. 

"  The  BKST  Students'  book  on  the  subject.  .  .  .  Full  of  information  and  capitau.t 
illustrated."— S'Ae  Lancet, 

"  Th@  Btndent  is  enabled  to  perform  for  himself  moat  of  the  experiments  uBUQ^Ily  Bhown  in 
a  systematic  course  of  lectnroB  on  physiology,  and  the  practice  thus  obtained  ma-^t  prove 
OTALUAjiLE.  .  .  .  Hay  be  confidently  recommended  as  a  guide  to  the  student  of 
physiology,  and,  we  doubt  not,  will  also  find  its  way  into  the  hands  of  many  of  our  scientiflo 
4nd  medical  practitioners." — Oltugou  Medical  Journal. 

'*  This  Taluable  little  manuaL  .  .  .  The  oenzeal  conception  of  the  hook  is  exozllcbt; 
<ihe  arrangement  of  the  exercises  is  all  that  can  be  desired ;  the  descriptions  of  experimezUa 
*re  CLEAK,  CONCISE,  and  to  the  point." — Britith  Medical  Journal. 


Second  Edition.     In  Extra  Crown  8i«),  %oith  368  Hlvstrajtions,, 
Gloth.  12s.  6d. 

PRACTICAL     HISTOLOGY: 

A  Manual  for  Students. 

*^*  Dr.  Stirling's  '*  Outlines  of  Practical  Histology"  is  a  compact  Hand- 
book  for  students,  providing  a  Complete  Laboratory  Course,  in  which 
almost  every  exercise  is  accompanied  by  a  drawing.  Very  many  of  the 
illustrations  have  been  prepared  expressly  for  the  work. 

"  The  volume  proceeds  from  a  HAsa-BK  in  his  craft.    .    ,    .    "We  can  confidently  re- 
i-oommend   this   small    \mt    concisely- weitten   and     admieablt    nxnarEATEO   work  to 

Btadents.    They  will  find  it  to  be  a  tkey  nsEFDL  and  eeliablb  guide  in  the  laboratoir,  or 
,  in  their  own  ropm.    All  the  principal  methods  of  preparing  tissnea  for  section  are  giTen. 

wi^  such  precise  direotions  that  little  or  no  difficulty  can  be  felt  in  following  them  in 

th^r  most  minnte  details."— Xancet. 

"  The  gen'eral  plan  of  the  work  is  ADsnnABLE.    .    .    .    It  is  very  erident  that  the  sng- 

^Btlons  given  are  the  outcome  of  a  pbolonged  experience  in  teaching  Practical  Histolo^v 

casmbined  with  a  seuaeeablb  judgment  in  the  selection  of  ubthodb.    .        .    Ueritp  tiis 

highest  praise  for  the  illustrations,  which  are  at  once  clear  and  faithful"— ^n'tuA  J/<<tteaJ 

Journal. 
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In  Large  8i>o.       With  36  Plates  and  Blank  Pages  for 
MS.  Notes.      Cloth,  12s.  &d. 


THE  PHYSIOLOGIST'S  NOTE-BOOK; 

v4  Summary  of  the  Present  State  of  Physiological 
Science  for  Students. 

By    ALEX    HILL,    M.A.,    M.D., 

Uaater  of  Downing  College  and  formerly  Vice-Chancellor  of  the  TJniversity  of  Cambridge. 


General  Contents  : — The  Blood — ■Vasctilar  System — Nerves — Muscle — 
Digestion — Skin — Kidneys — Respiration — Tlie  Senses — Voice  and  Speech 
— Central  Nervous  System — Keproduotion — Chemistry  of  the  Body. 


CHIEF  FEATURES  OF  DR.  HILL'S  NOTE-BOOK. 

1.  It  helps  the  Student  to  CODIFY  HIS  KNOWLEDGE, 

2.  Gives  a  grasp  of  BOTH  SIDES  of  an  argument. 

3.  Is  INDISPENSABLE  for  RAPID  RECAPITULATION. 


The  Lancet  aayB  of  it ;— "  The  work  wliich  the  Master  of  Downing  College  modeatlT  comparw 
to  a  Note-book  is  an  ADMiaABLB  compendium  of  our  present  information.  .  .  .  Will  be  a  bial 
ACQUISITION  to  Students;  .  .  .  Gives  all  essemtial  points.  .  .  .  The  ttpogeaphical 
ABBAVGBMBNT  Is  a  cblef  feature  of  the  book.  .  .  .  Secures  at  a  glance  the  btidbmcb  on  both 
-sides  of  a  theory." 

The  Hoapital  says:— "The  Physiologiafs  Note-book  bears  the  hall-mark  of  the  Cambridge 
School,  and  is  the  work  of  one  of  the  most  successful  of  her  teachers.     Will  be  ihvaiuablb  " 
to  Students." 

The  British  Medical  Journal  commends  in  the  volume— "Its  admirable  diagrams,  its  running 
Bibliography,  its  clear  Tables,  and  its  concise  statement  of  the  anatomical  aspects  of  the  aubject. 


*^*  For   Dr.    Hill's   Translation   of  Prof.    Obersteiner's   Central  Nervous 
Organs,  see  p.  92. 

A    ZOOLOGICAL     POCKET-BOOK;    Or, 

Synopsis  of  Animal  Classification.  Comprising  Definitions  of  the 
Phyla,  Classes,  and  Orders,  with  Explanatory  Remarks  and  Tables. 
By  Dr.  Emil  Selenka,  Professor  in  the  University  of  Erlangen. 
Authorised  English  translation  from  the  Third  German  Edition.  By 
Prof.  AiNSWORTH  Davis.  In  Small  Post  8vo,  Interleaved  for  the 
use  of  Students.  Limp  Covers,  4s. 
"  Dr.  Selenka's  Manual  will  be  found  useful  bjr  all  Students  of  Zoology.    It  is  a  compre- 

HKNIITK  and  EOCCESSFUl.  attempt  to  present  us  with  a  scheme  of  the  natural  arrangement  of 

the  animal  world."— iE<ff'«-  Mid.  Journal. 

"  Will  prove  Tery  serviceable  to  those  who  are  attending  Biology  Lectures.    .    .    .     xhe 

translation  is  accurate  and  clear." — La$uet. 

LONDON:  CHARLES  &RIFFIN  &  CO.,  LIMITED,  EXETER  STRFET,  STRAND. 
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fin    Eietnetitar}/   Text-BooK 

OF 

BIOLOa-"Z". 

By  J.  R.  AINSWORTH   DAVIS,  M.A.,  F.Z.S., 

PROFESSOR  OF  BIOLOGY,  UNIVERSITY  COLLEGE,  ABERYSTWYTH  ; 
EXAMINER   IN  ZOOLOGY,  UNIVERSITY  OF  ABERDEEN. 

Second  Edition.     In  Two  Volumes.     Sold  Separately. 

I.  VEGETABLE   MORPHOLOGY  AND   PHYSIOLOGY. 

General  Contents.— Unicellular  Plants  (Yeast-plant,  Germs  and 
Microbes,  White  Mould,  Green  Mould,  &c.,  &c.) — Simple  Multicellular 
Plants  (Wrack,  Stoneworts,  &c.) — The  Moss— Pteridophytes  (Bracken 
and  Male  Shield  Ferns,  &c.) — Plant  Cells  and  Tissues — Gymnosperms 
(the  Fir) — Angiosperms  (Buttercup,  Snowdrop) — Vegetative  Organs  of 
Spermaphytes — Reproductive  Organs  on  Angiosperms— Physiology 
OF  Higher  Plants — Development  of  Angiosperms— Comparative 
Vegetable  Morphology  and  Physiology — Classification  of  Plants. 

Wit/i  Complete  Index- Glossary  and  128  Illustrations.     8s.  6d. 


II.  ANIMAL   MORPHOLOGY   AND   PHYSIOLOGY. 

General  Contents.— Protozoa  :  Amoeba  (Proteus  Animalcule),VorticeIla 
(Bell  Animalcule),  Gregarina — Ccelenterata  :  Hydra  (Fresh- Water  Polype), 
&C. — Platyhelmia  (Flat-worms) :  Liver-fluke,  Tapeworm — Nemathelmia 
(Thread- worms) — Annelida  (Segmented  Worms) :  Earthworm,  Leech — 
Arthropoda  :  Crayfish — MoLLuscA  :  FreshrWater  Mussels,  Snail — 
VertebIvATA  Acrania  :  Amphioxus  (Lancelot) — Pisces  (Fishes) :  Dogfish — 
Amphibia  :  Frog — AvES  (Birds) :  Pigeon  and  Fowl — Mammalia  :  Rabbit — 
Comparative  Animal  Morphology  and  Physiology — MAN — Classifi- 
cation and  Distribution  of  Animals. 

With  Complete  Index-Glossary  and  108  Illustrations,     los.  6d. 

Note — The  Second  Edition  has  been  thoroughly  Revised  and  Enlarged, 

and  includes  all  the  leading  selected  Types  m  the  various  Organic  Groups. 

"  Certainly  the  best  '  biology  '  with  which  we  are  acquainted.  It  owes  its  pue- 
esoinence  to  the  fact  that  it  is  an  excellent  attempt  to  present  Biology  to  the  Student  as  % 
CORRELATED  AND  COMPLETE  sciKNCE."—  British  Medical  I Qumal, 

"  Clear  and  comprehensive."—  Saturday  Review. 

"  literally  packed  with  information.  "—^Pibjjeiw  Medical  I  out  nat 


DAVIS  (ProO  :  THE  FLOWERING  PLANT. 

(See  p.  114.) 

DAVIS  AND  SELENKA:  ZOOLOGICAL 

POCKET-BOOK.     (See  p.  I03.) 
LONDON :  CHA1LES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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Third  Edition,  Revised.     With  Numerous  Illustrations,     ss. 
AN  INTRODUCTION  TO  THE  STUDY  OF 

2s/^  I  ID -VT"  I  in  E  lE^  IT  - 

Por  the  Use  of  Yotuig  Practitioners,  Students, 
and  Midwives. 


ARCHIBALD  DONALD,  M.A.,  M.D.,  C.M.Edin., 

Obstetric  Physician  to  the  Manchester  Royallnfirmary ;  Honorary  Surgeon  to  St.  Mar^s 
Hospital/or  H^omen,  MancJiester. 

Highly  creditable  to  the  Author.     .     .     .      Should  prove  of  great  talus  to 
Midwifery  Students  and  Junior  Practitioners." — British  Gyntrcological  youmal. 

"As  an  Introduction  to  the  study  of  Midwifery  no  better  book  could  be  placed  in  the 
hands  of  the  Student." — Sheffield  Med.  Journal. 


Third  Edition,  Thoroughly  Revised,      With  Illustrations.     7s.  6d. 
OUTLINES     OP     THE 

DISEASES    OF    WOMEN. 

A  CONCISE  HANDBOOK  FOR  STUDENTS. 

By   JOHN    PHILLIPS,    M.A.,    M.D.,    F.R.C.P., 

"Senior  Physician,  British  Lying-in  Hospital;    Obstetric  Physician,  and  Lecturer  on 

Practical  Obstetrics  at  King's  College  Hospital ;  Examiner  in  Midwifery 

to  the  University  of  Cambridge ;   Examiner  in  Midwifery  and 

Diseases  of  Women  to  the  Koyal  College  of  Physicians. 

*»*  Dr.  Phillips'  work  is  essentially  practical  in  its  nature,  and  will  be 
found  invaluable  to  the  student  and  young  practitioner. 

"Contains  a  GREAT  deal  of  information  in  a  verv  condensed  form.  .  .  .  The 
value  of  the  work  is  increased  by  the  number  of  sketch  diagrams,  some  of  which  are  highly 
INGENIOUS." — Edin.  Med.  Journal. 

"  Dr.  Phillips'  Manual  is  written  in  a  succinct  style.  He  rightly  lays  stress  on 
Anatomy.  The  passages  on  case-taking  are  excellent.  Dr.  Phillips  is  very  trustworthy 
throughout  in  his  views  on  therapeutics.  He  supplies  an  excellent  series  of  simple  but 
yaluablk  prescriptions,  an  indispensable  requirement  for  students." — Brit,  Med. 
youmal. 

"This  excellent  text-book  .  .  .  gives  just  what  the  student  requires.  .  .  - 
Xhe  prescriptions  cannot  but  be  helpful."— il/<r^crt/  Press. 

"^LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAMD. 


ris6  OHARLBa  GRIFFm  *  OO.'S  PXTBLIOATIOITB. 

In  Extra  Crown  Svo,  with  Litho-plates  and  Numerous  Illustrations. 
-     Cloth,  %s.  td. 

ELEMENTS    OF       • 

PRACTICAL  PHARMACY  AND   DISPENSING. 

By  W.  ELBORNE,  B.A.Cantab.,  F.L.S.,  F.C.S., 

Demonstrator  of  Materia  Medica  and  Teacher  of  Pharmacy  at  University 
College,  London;  Pharmacist  to  University  College  Hospital. 

GENERAL     CONTENTS. 
Part  I.— Chemical  Pharmacy  and  Laboratory  Course. 
Part  II.— Galenical  Pharmacy  and  Laboratory  Course. 
Part  III.— A  Practical  Course  of  Dispensing,  with  Fae-Similes 
of  Autograph  Prescriptions. 

"A  work  which  we  can  very'  highly  recommend  to  the  perusal  of  all 
Students  of  Medicine.  .  .  .  Admirably  adapted  to  their  require- 
ments."— Edinburgh  Medical  Journal. 

"The  system  .  .  .  which  Mr.  Elborne  here  sketches  is  thorotighly 
sound.  "—C4«»Mj/  and  Druggist. 

*,*  Formerly  published  under  the  title  of  "  Pharmacy  and         ' 
Materia  Medica." 


Large  %vo.  Handsome  Cloth.     16s. 

LUNATIC     ASYLUMS; 

THEIR  ORGANISATION  AND  MANAGEMENT. 
By  CHARLES  MEROIER,  M.B., 

Lecturer  on  Neurology  and  Inmnity,  Westminster  Hospital  Me'lical  School;  Late  Senior 
Assistani-ifedicat  Officer  at  Leavesden  Asylum,  and  at  the  City  of  London  Asylum. 

ABSTRACT   OF   CONTENTS. 

Part  I. — Housing. — G-eneral  Principles.^ — Supervision.  —  Cost. — Wards 
and  Ward  Offices.— Day  Rooms.— The  Dining  and  Recreation  Halls,  Chapel, 
&c.  —  Communication.  —  Administrative  Portion.  —  Accommodation  for  the 
Staff. — Airing  Courts. 

Part  II.— Pood  and  Clothing.  — Beverages.  —  Dietaries. —Testing. — 
Storing  and  Keeping.— Serving.— Extra  Diets.— Clothing. 

Part  III.  —  Occupation  and  Amusement.  — Occupation. — Amuse- 
ments.— Airing  Courts. — Grounds.— Open- Air  Amusements. — The  Recreation 
Hall. — Dancing. — Theatricals. — Concerts. 

Part  IV.— Detention  and  Care.— Detention.— Care.— Suicidal  Ten- 
dency.— Supervision. — ^Violence. — Restraint.  —  Dispersion.  — Change  of  Sur- 
roundings. —  Pretended  Violence.  — Accidents.  —  Falls.  —  Epileptic  Fits.  — 
Epileptics  at  Night.— Provisions  for  Safety  of  Patients.— Fire-Extinguishing 
Apparatus. — Cleanliness.  ^Bathing.  ^Dirty  Habits. 

Part  V. — Xhe  StafEt — Responsibility. — Awards. — Punishment. — Super- 
vision.— Inspection. — Surprise  Visits.— Reports. — The  Chaplain. — The  Super- 
intendent. —  Assistant  Medical  Officer.  —  Matron.  —  Warders.  —  Nurees.  — 
&c.,  kc. 

"  Wil]  give  a  much-needed  impetus  to  the  study  of  Asylum  Patients."— fflosjoi* 
Medical  Journal. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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Twenty-Second  Edition.    Entirely  Revised.     With  Numerous 
Illustrations,  y.  bd, 

A  MANUAL  OF  NURSING: 

/IDeOtcal  anb  Surgical. 

By  LAURENCE  HUMPHRY,  M.A.,  M.D.,  M.R.C.S., 

AssUtant-Pkysician  to.,  late  Lecturer  to  Probationers  at,  Addenbrooke's  Hospital, 

Cambridge ;  Teacker  of  PatJiology  and  Exajnitur  in  Medicine^ 

Univentty  of  Cambridge. 


General  Contents. — The  General  Management  of  the  Sick  Room  in 
Private  Houses — General  Plan  of  the  Human  Body — Diseases  of  the  Nervous 
System — Respiratory  System — Heart  and  Blood-Vessels — Digestive  System^ 
Skin  and  Kidneys — Fevers — Diseases  of  Children — Wounds  and  Fractures — 
Management  of  Child-Bed — Sick-Room  Cookery,  &c.,  &c. 

"  In  the  fullest  sense  Dr.  Humphry's  book  is  a  distinct  advance  on  all  previous. 
Manuals.  .  .  .  Its  value  is  greatly  enhanced  by  copious  Woodcuts  and  diagrams  of  the 
bones  and  internal  organs,  by  many  Illustrations  of  the  art  of  bandaging,  by  Temperature 
diarts  indicative  of  the  course  of  some  of  the  most  characteristic  diseases,  and  by  a  goodly 
array  of  Sick-room  appliances  with  which  every  Nurse  should  endeavour  to  become 
atiquainted." — British  MedkalJoumaL 

'*  We  should  advise  all  nurses  to  possess  a  copy  of  the  work.  We  can  confidently  re- 
commend it  as  an  excellent  guide  and  companion-  *— Hospital. 


Third  Edition.     Samdsome  Clothe  4«. 

FOODS    AND     DIETARIES 

a  /IDanual  ot  Clinical  Dietetics. 

By    R   W.    BURNET,    M.D.,    F.R.C.P., 

Physician  in  Ordincery  to  H,R.H,  the  Duke  of  Cornwall  and  York;  Senior  Physician  to  tht 
Great  Northern  Central  Hotpital^  itc. 


GENERAL  CONTEKTS.— DIET  in  Diseases  of  the  Stomach,  Intea- 
tinal  Tract,  Liver,  Lungs,  Heart,  Kidneys,  &c. ;  in  Diabetes,  Scurvy,  Anae- 
mia, Scrofula,  Gout,  Rheumatism,  Obesity,  Alcoholism,  Influenza,  Nervous 
Disorders,  Diathetic  Diseases,  Diseases  of  Children,  with  a  Section  on 
Predigested  Foods,  and  Appendix  on  Invalid  Cookery. 

*'  The  directions  given  are  dhetohmlt  judicious.  .  .  .  May  be  oonfldently  taJcen 
as  a  KXLXABLB  oniDB  in  the  art  of  feeding  the  mck.'"— Brit.  Med.  Journal. 

**  Dr.  Burnet's  book  will  be  of  great  use,  .  .  .  Deals  with  bhoad  and  accbftkd 
viBWB.  .  ■  ■  Q-ont,  Scurry,  Bickecs,  and  Alcoholism  are  instances  in  point,  and  the^ 
are  all  tkbatbd  irtth  admieablb  sensb  and  judgxkht  by  Dr.  Bume*.  The  carefnl 
study  of  such  books  as  titiis  will  very  much  help  the  Practitioner  in  the  Treatment  ot  cajwa, 
ftud  powerfally  aid  the  action  of  remedies."— Zonctf. 

''Dr.  Bomet  gires  a  Time-table  of  Diet,  wiOt  Bill  of  Fare  for  each  meal,  quantities, 
and  beverages  .  .  .  will  help  the  nurse  when  at  her  wits'  end  for  a  change  of  diet,  to 
meet  the  urgency  of  the  moment  or  tempt  the  appetite  of  the  patient."— ^ku^pow  Bermld. 

"TONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRANG. 


loS  CHARLES  QRIFFIN  *  OO.'S  PUBLWATIONB. 

"  Should  be  in  the  hands  of  every  Mother  and  Nurse." — Tke  Nurse  (Boston). 


Third  Edition,  Revised.    Handsome  Cloth.    Price  is. . 

THE  WIFE   AND    MOTHER: 

A  Medical  Guide  to  the  Care  of  Health  and  the 
Management  of  Children. 

By    albert   WESTLAND,   M.A.,   M.D.,   CM. 

GENERAL  CONTENTS  :— Part  I.— Early  Married  Life. 
Part  II.^Early  Motherhood.  Part  III.— The  Child,  in 
Health  and  Sickness.      Part  IV. — Later  Married  Life. 

" WELt-ARRANGED,  and  CLEARLY  WRITTEN." — Lancet. 

' '  The  best  book  of  its  kind.  .  .  .  May  be  read  from  cover  to  cover  with 
advantage. " — Medical  Press, 

"A  REALLY  EXCELLENT  BOOK." — Aberdeen.  Journal. 

"Excellent  and  judicious." — Western  Daily  Press. 

"  The  best  book  I  can  recommend  is  '  The  Wife  and  Mother,'  by  Dr.  Albert 
Westland,  published  by  Messrs.  Charles  Griffin  &  Co.  It  is  a  most  valuable 
•work,  written  with  discretion  and  refinement. " — Hearth  and  Home. 

"Will  be  welcomed  by  every  young  wife  .  .  ,  abounds  with  valuable 
advice," — Glasgow  Herald. 


In  Large  Crown  8vo.       Handsome  Cloth.     3s. 

INFANCY  AND  INFANT-REARING : 

A  Guide  to  the  Care  of  Children  in  Early  Life. 
By  JOHN  BENJ.  HELLIER,  M.D., 

"Surg,  to  the  Hosp.  for  "Women  and  Children.  Leeds;  Ltct.  on  Diseases  of  Women  and 
Children,  Yorkshire  College,  Leeds;  Examiner  in  the  Victoria  University. 

With  Illustrations. 

GENERAL  CONTENTS.— Normal  Growth  and  Development  in 

the  first  Two  Years  of  Life:  The  New-bom  Child— Signs  of  Matuijty 
— The  Bony  System — Nervous  System — Development  of  Special  Senses — 
Teething.  DiffleUlties  Of  Infant-Rearing:  Statistics  of  Mortality. 
<3auses  of  Mortality:  Improper  Feeding  — Sour  and  Diseased  Milk. 
Sipeeial  Diseases  of  Infancy  :  Gastro-enteric  Catarrh— Rickets— Scurvy 
Rickets — Thrush — Rheumatism — Causes  which  hinder  Thriving.  Infant- 
Feeding  :  Natural  Feeding— Wet  Nurses  and  their  Diet— Influence  of 
Alcohol  and  Drugs.  Artificial  Feeding :  Humanising  Cow's  Milk— 
Peptonising — Sterilising— Precautions — Feeding-Bottles— Milk  of  other  Ani- 
mals—Diet in  Scurvy  Rickets,  &c.     General  Hygifene  of  Infants : 

'Cleanliness  —  Warmth  —  Ventilation — Sleep — Out-door    Exercise — Nursery 

Arrangements— Shortening.  Special  Care  Of  New-born  Children- 
Care  of  Premature  Infant :  Tamier's  Couveuse  and  Mode  of  using  it. 

Hygiene  of  Dentition— Special  Conditions  observed  in  Infancy. 

•' thoroughly  PRACTICAL.    .    .    .    A  MINE  of  information."— /'wWic /f^o/ZA. 
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GBirriN'S  "FIRST  AID"  PUBLICATIONS. 

FocKTH  Edition.     Large  Crown  8«o.     Handsome  Cloth,     it, 

A  MANUAL   OF   AMBULANCE. 

By  J.  SOOTT  EIDDELL,  CM.,  M.B.,  M.A., 

Senior  AsBt. -Surgeon.  Aberdeen  Royal  Infirmary;  Lecturer  and  Examiner  to  the  AberdeeH. 

Ambulance  Association ;  Examiner  to  the  St.  Andrew's  Ambulance  Association, 

Glasgow,  and  the  St.  John  Ambulance  AsBociation,  London. 

With  Numerous  Illustrations  and  Full  Page  Plates. 


General  Contents. — Outlines  of  Human  Anatomy  and  Physiology — 
The  Triangular  Bandage  and  its  Uses — The  Boiler  Bandage  and  its  tfsei: 
— Fractures — Dislocations  and  Sprains — Haemorrhage — Wounds — Insensi- 
bility and  Fits — Asphyxia  and  Drowning— Sufiooation — Poisoning — Bums, 
Frost-bite,  and  Sunstroke — Removal  of  Foreign  Bodies  from  (a)  The  Eye ; 
(6)  The  Ear;  (c)  The  Nose;  (d)  The  Throat;  (e)  The  Tissues— Ambulance 
Transport  and  Stretcher  Drill — The  After-treatment  of  Ambulance  Patients 
—Organisation  and  Management  of  Ambulance  Classes — Appendix :  Ex- 
amination Papers  on  First  Aid. 

'*A  CAPITAL  BOOK.  .  .  .  The  directions  are  bhoet  and  glsao,  and  teBtlfy  to  the 
hand  of  an  able  surgeon." — Edin.  Med.  Journal. 

"  This  little  volume  seems  to  us  about  as  good  as  it  couldposBibly  be.    .    .    .    Contains 


ftrMtically  every  piece  of  information  necessary  to  render  First  aid.    .    .    .    Shoold  find 
la  place  in  bybkt  household  libbakt."— /Jat/^  Chronicle. 

"  80  ASHiBABLB  is  thls  work ,  that  it  is  difflcult  to  Imagine  how  it  could  be  better."— 
tltUry  Guardian. ' 

Ht  Sea> 

Second  Edition,  Revised.      Grown  8vo,  Extra. 
Handsome  Cloth.     6«. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR    SHIPMASTERS    AND    OFFICERS 
IN     THE     MERCHANT     NAVY. 

INCLUDINO 

FFRST  AID  TO  THE   INJURED. 

By    WM.    JOHNSON    SMITH,    F.E.C.S., 

Principal  Medical  Oflacer,  Seamen's  Hospital,  Greenwich. 

With  2  Coloured  Platea,  Numerous  i/Iustrations,  and  latest  Regulations- 
respecting  Medical  Stores  on  Board  Ship. 

*.•  The  attention  of  all  interested  in  our  Merchant  Navy  ia  requested  to  this  exceedingly , 
asefnl  and  Taluable  work.  It  ia  needless  to  say  that  it  is  the  outcome  of  many  yearV 
PKAonoAi.  KXPKBiBKCB  amouffBt  Seamen. 

**8onMD,  JUDICIOUS,  RBALLT  bb.xvtul"— The  Lancet. 

"It  would  be  difflcnlt  to  find  a  Medical  and  Surgical  Guide  more  clear  and  compreheniiTe 
than  Mr.  Johhsoh  SmtH,  whose  experience  at  the  Greenwich  Hospital  eminently  qnalifies 
him  for  the  task.  ...  A  most  attractitb  work.  .  .  .  "We  have  read  it  from  covep- 
to  cover.  .  .  ■  It  giyes  cleariy  written  advice  to  Masters  andOfScersin  all  medical  aad 
■nrffical  m&ttera  likely  to  come  before  them  when  remote  from  the  land  and  withont  a. 
doctor.  .  .  ■  'We  BxcoumifD  the  work  to  etebt  Shipmaster  and  OfB.eeT."—L%verpoor 
Jcvrnal  of  Commerce. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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In  Crown  8vo.      With  Frontispiece.     Handsome  Cloth.      6s, 
TKE    BYOIEFfIC    PKKTENTION    OF 

CONSUMPTION. 

BY 

J.     EDWARD     SQUIRE,     M.  D.,     D.P.H.  Camb., 

ffiynciart  to  the  North  London  Hospital  for  Consumption  and  Diseases  of  the  Cheti; 

Fellow  of  the  Royal  Med.-Chirurg.  Society,  and  of  the  British  Institute  of 

Public  Health,  dr-c,  S^c. 


"  If  the  terrible  prevalence  of  Consumption  is  to  be  lessened,  it  can  only  be  by 
the  intelligent  co-operation  of  the  laity  with  the  Medical  Profession.  A  conviction 
that  the  disease  is  preventible  is  of  first  importance,  and  some  knowledge  of  its 
nature,  and  of  the  mode  in  which  it  spreads,  is  necessary  to  direct  the  preventive 
measures  required." — Bxtr.  from  Author's  Preface. 

GENERAL  CONTENTS :— The  Nature  of  Consumption— Preventive 
Measures  :  In  Infancy,  Childhood,  School  Life,  Adult  Life;  Exercise,  Clothing, 
Diet;  the.  Household,  Choice  of  Occupation,  Residence— -State  Hygiene — 
Management  of  Early  Consumption: — Question  of  Curability,  Climatic 
Conditions,  Travelling,  &c. 

"  We  can  safely  say  that  Br.  Squire's  work  will  eefat  study  even  by  the  most  cultivated 

Shysiciaa    .    .    .    Although  the  book  is  not  a  large  one,  it  is  full  of  iNSTBUCTivif  uattxb,  and 
\  written  in  a  judicious  spirit,  besides  being  VEar  readable.  "~!r/ie  Lwnxet. 


Eighth  Edition,  Revised.     Price  6s. 

PRACTICAL  SANITATION: 

A   HAND-BOOK   FOR   SANITAEY   INSPECTORS   AND 
OTHERS  INTERESTED  IN  SANITATION. 

By    GEORGE    REID,    M.D.,   D.P.H., 

Fellow,  Mem.  Council,  and  Examiner,  Sanitary  Institute  of  Great  Britain, 
and  Medical  Officer  to  the  Staffordshire  County  Council. 

W/T"//  AN  APPENDIX  O-V   SANITARY  LAW. 
By    HERBERT    MANLEY,    M.A.,    M.B.,    D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  £romwich« 
General  Contents. — Introduction. — Water  Supply:  Drinking  Water, 
Pollution  of  Water. — Ventilation  and  Warming. — Principles  of  Sevrage 
Removal. —Details  of  Drainage;  Refuse  Removal  and  Disposal — Sanitary 
and  Insanitary  Work  and  Appliances. — Details  of  Plumbers'  Work. — House 
Construction. — Infection  and  Disinfection. — Food,  Inspection  of;  Charac- 
teristics of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food. — 
Appendix :  Sanitary  Law  ;  Model  Bye-Laws,  &c. 

"  Dr.  Reid's  very  useful  Manual  .  .  .  ABOUNDS  IN  PRACTICAL  DETAIL.' 
^—British  Medical  Journal. 

"A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recommend 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  interested 
in  Sanitary  matters." — Sanitary  Record. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


MEDIOINE  AND  THE  ALLIED  SCIENCES.  ii 

A   SHORT   MANUAL   OF 

INORGANIC   CHEMISTRY. 

BY 

A.   DUPRE,  Ph.D.,  F.R.S., 


WILSON    HAKE,  Ph.D.,  F.I.C.,  F.C.S., 

Of  the  Westminster  Hospital  Medical  School 

Third  Edition,  Revised,  Enlarged,  and  brought  up-to-date.     Price  gs.  net, 

**  A  weH-written,  clear  and  accurate  Klementary  Manual  of  Inorganic  Chemutry.  .  • 
We  afree  heartily  with  the  system  adopted  by  Brs.  Duprl{  and  Hake.  Will  makb  Expbu- 
MBNTAL  Work  trkbly  interesting  because  intelugiblb."— i'a^n^^  Revuw. 

**  There  is  no  question  that,  given  the  fbrpbct  grounding  of  the  Student  in  his  ScuaM 
4he  fcmainder  comes  afterwards  to  him  in  a  manner  much  more  simple  and  easily  acqnin^ 
The  w«rk  is  an  example  of  thb  advantages  of  the  Systematic  Treatubht  of  a 
SdeDce  over  the  fragmentary  style  so  generally  followed.  Bv  a  long  way  thb  bbst  of  ths 
•mall  Manuals  for  Students-  — Analyst, 


LABORATORY  HANDBOOKS   BY  A.   HUMBOLDT   SEXTON, 

FrofesBor  of  Uetallargj  in  the  Qlaagow  and  West  of  Scotland  Technical  Collage. 


OUTLINES    OF    QUANTITATIVE    ANALYSIS. 

FOR  TBE  USE  OF  STTTDENTS. 

With  Illustrations.    Powrth  Edition.    Crown  8to,  Cloth,  3a. 

"  A  OOHFAOT  LABOBATORT  omDB  for  begiDBen  vrai  wanted,  and  th*  want  hai 
been  wxll  bufplisd.    ...     A  good  and  DBefhl  book." — Laiicet, 


OUTLINES   OF   QUALITATIVE   ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 

With  lUustratious.    Thied  Edition.    Crown  Svo,  Cloth,  3b.  6d. 

*'  The  work  of  a  thoroughly  practical  chemist." — Britak  Medical  Jowmal, 
"  Compiled  with  great  care,  and  will  aupply  a  want." — Journal  of  Education, 


ELEMENTARY    METALLURGY: 

Including   the  Author's  Practical  Laboratory   Course.      With  jnan^ 
lUnstrations.     [See  p.  66  General  Catalogue. 

Skcond  Edition,  Revised.     Crown  Svo.     Cloth,  6s. 
"  Jnst  the  Und  of  work  for  students  commencing  the  study  of  metaUmgr."— 
Practicai  Engineer. 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS  BY  A.  WYNTER  BLYTH,  M.R.C.S.,  F.C.S., 

Butlfter  ftt  Law,  Pablio  Analyst  for  the  Oounty  of  Devon,  and  Medical  Officer  of  Health  fot 

St  Harylebone. 

FOODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

In  Demy   8vo,  with  Elaborate  Tables,  Diagrams,  and  Plates.     Handsom* 
Cloth,    FouBTH  Edition.    Price  21s. 

GENERAL  CONTENTS. 
History  of  Adulteration — Legislation,  Past  and  Present-^Apparatna 
nsefnl  to  the  Food-Analyst — "Ash" — Sugar — Confectionery — Honey — 
Treacle — Jams  and  Preserved  Fruits — Starches — Wheaten-Flour — Bread 
— Oats — Barley — Rye— Rice  —  Maize  —  Millet  —  Potato — Peas — Chines* 
Peas  —  Lentils  —  Beans  —  Milk  —  Cream  —  Butter  —  Oleo-Margarine  — 
Butterine — Cheese — Lard — Tea— Cofiee — Cocoa  and  Chocolate — Alcohol — 
Brandy — Bum — Whisky — Gin — Arrack — Liqueurs — Absinthe — Principles 
of  Fermentation  —  Yeast  —  Beer  —  Wine  —  Vinegar — Lemon  and  Lime 
Juice — Mustard — Pepper^  Sweet  and  Bitter  Almond — Annatto — Olir* 
Oil  —  Watek  —  Standard  Solutions  and  Reagents.  Appendix :  Text  oi 
English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITION. 

"  Slmphr  iHDigpENSABLB  in  the  Ana1y8t*B  laboratory."— TAe  Lancet. 

*'Thk  Stamdabd  wobk  on  the  Buhject.  .  .  .  Every  chapter  and  every  page  givvs 
Abundant  proof  of  the  strict  revision  to  which  the  worlc  has  been  subjected,  .  .  ,  Th« 
section  on  Mile  is,  vre  believe,  them  ORtexhauBtive  stndy  of  the  subject  extant.  .  .  .  Am 
DrDlsrxKBABLE  2UHUAL  for  Analysts  and  Medical  Officers  of  Health." — PublieHealih. 

"  A  new^edition  of  Mr.  "Wynter  Blyth's  Standard  -work,  bnbicbbd  with  all  thb  bxcbmi 
DUcovBBixB  AND  IUFB0VBUEHT8,  Will  be  accepted  as  a  booa"— CAcmt'caf  Ntwi, 


POISONS! 

THEIR  EFFECTS  AND  DETECTION. 

Thibd  Edition.     In  Large  8to,  Cloth,  with  Tables  and  Dlustrationa. 
Price  21b. 

GENERAL  CONTENTS. 
I. — Historical  Introduction.  II. — Classification — Statistics — Connectioa 
between  Toxic  Action  and  Chemical  Composition — Life  Tests— General 
Method  of  Procedure — The  Spectroscope — Examination  of  Blood  and  Blood 
Stains.  Ill, — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — More 
or  less  Volatile  Poisonous  Substances.  VI. — Alkaloids  and  Poisonoan 
Vegetable  Principles.  VII. — Poisons  derived  from  Living  or  Dead  Animal 
Substances.  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons. 
Appendix :  Treatment,  by  Ajitidotes  or  otherwise,  of  Cases  of  Poisoning. 

*' Undoubtedly  THB  host  cohfletb  wore  on  Toxicology  in  our  language."— TA<  Analvft  (en 
tit  Third  XdUion). 

"  As  a  PBACTICAI  GUIDE,  we  know  ho  betixb  work."~2Ae  Lancet  (on  the  Third  Edition). 
*•*  In  the  Thibd  Edition,  Enlarged  and  partly  Be-written,  New  Akaittical  Mbtbods  baT» 
kaan  introduced,  and  the  Gadavebic  Alkaloids,  or  Ptohaineb,  bodies  playing  so  great  a  part  la 
Vtood-polaonlng  and  in  the  Manifestations  of  Disease,  have  received  special  attention. 

LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAKDu 
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GRIFFIN'S  INTRODUCTORY  SCIENCE  SERIES. 

FULLY    ILLUSTRA TED. 

BOTANY.  OPEN-AIR  STUDIES  in  BOTANY. 

By  R.  Lloyd  Pbaegek,  B.A.,  M.E.I.A.,        7/6 

THE  FLOWERING  PLANT.  By 
Prof.  AiNswoETH  Davis.  Thied  Edition, 
Eevised, 3/6 

HOW  PLANTS  LIVE  AND  WORK, 

By  Eleanor  Hughes-Gibb,       .        .        .       2/6 

THE    MAKING    OP     A     DAISY. 

By  Eleanor  Hughes-Gibb,      .        .        .       2/6 
CHEMISTRY.       A    SHORT    MANUAL   OF    INOR- 
GANIC CHEMISTRY.   By  Prof.  Dupr^, 
F.R.S.,  and  Dr.  Wilson  Hake.     Third 
Edition 9/ 

THE  THRESHOLD   OF    SCIENCE.      ""■ 
By  C.  R.  Alder  Wright,  D.So.,  F.R.S., 
Second  Edition, 

CHEMICAL  RECREATIONS.  By 
J.  J.  Griffin,  F.C.S.    Tenth  Edition, 

Complete, 12/6 

(Or  in  2  parts,  sold  separately.) 

GEOLOGY.  OPEN-AIR  STUDIES  in  GEOLOGY. 

By  Grenvillb  Cole,   F.G.S.,  M.R.I. A., 
L  PRACTICAL    GEOMETR?, 

Third  Edition, 

II.  MACHINE  DESIGN,     . 

Third    Edition.      By   Principal   S.    H. 

Wells,  A.M.Inat.C.B. 
By  Prof.  Jamieson,  late  of  the  Glasgow  and 

West  of  Scotland  Technical  College.  Fifth 

Edition 3/6 

By  Prof.  Jamieson.     Fourth  Edition,  .        .       3/6 


ENGINEERING 
DRAWING. 

MAGNETISM  & 
ELECTRICITY, 

MECHANICS. 
THE  STEAM  1 
ENGINE.    / 
METALLURGY. 

PHYSICS. 


6/ 


8/6 

3/ 
4/6 


By  Prof.  Jamieson.    Eighth  Edition,  .       3/6 

By  Prof.  Humboldt  Sexton,  Glasgow  and' 
West  of  Scotland  Technical  College. 
Second  EDITIO^r,  Revised,        ...       6/ 

A  TEXT-BOOK  OF  PHYSICS: 
By  J.  H.  PoTNTiNG,  ScD.,  P.R.S.,  and 
J.  J.  Thomson,  M.A.,  F.R.S. 

Vol.  I. — Properties  of  Matter. 

Vol.  II.— Sound  (Second  Edition),    .       8/6 
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Third  Edition,  Revised  and  Enlarged.    Large  Crown  8vo,  with  numerous 
Illustrations.     3s.  6d. 

THE    FLOWERING    PLANT, 

WITH  A  SUPPLEMENTARY  CHAPTER  ON  FERNS  AND  MOSSES, 
As    Illustrating    the    Pirst    Principles    of   Botany. 

By  J.  R.  AINSWORTH  DAVIS,  M.A.,  F.Z.S., 

Prof,  of  Biology,  University  College,  Aberystwyth ;  Examiner  in  Zoology, 
University  of  Aberdeen. 

"  It  would  be  bard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurat* 
knowledge  of  modem  discoveries  in  Botany.  .  .  .  The  scientific  accukacv  of  statemont^ 
and  the  concise  exposition  of  fikst  principles  make  it  valuable  for  educational  purposes.  Ift 
die  chi^>ter  on  the  Physiology  of  Flowers,  an  admirahh  rtsuftti,  drawn  from  Darwia,  Henaann 
MfUler,  Kemer»  and  Lubbock,  of  what  is  known  of  the  Fertilisation  of  Flowns,  is  given^^T- 
youmal  of  Botany, 


POPULAR  WORKS   ON  BOTANY  BY  MRS.  EUGHES-GIBB, 

With  Illustrations.    Grown  8vo.    Cloth.    2s.  6d. 

HOW  PLANTS  LIVE  AND  WORK: 

A  Simple  Introduction  to  Real  Life  In  the  Plant-world,  Based  on  Lessons 
originally  given  to  Country  Children. 

By    ELEANOR    HUGHES-GIBB. 

*»*  The  attention  of  all  interested  in  the  Scientific  Training  of  the  Young  la  requested  to  thia 
DELiGHTPULLT  FUBBH  and  CHABHIKG  LiiiL£  BOOK.  It  ought  to  be  In  the  hands  of  every  Mother 
and  Teacher  throughout  the  land. 

"  The  child's  attention  is  first  secured,  and  then,  in  language  simple,  ybx  scibktipicauv 
AOCUBATBtthe  first  lessons  in  plant-life  are  set  before  M."— Natural  Science. 

"In  every  way  well  calculated  to  make  the  study  of  Botany  attbaciivx  to  the  young.*'— 
Scotmnan 


"NATitli   Illustrations.     Crown   8vo.     Gilt,   2s.  6d. 

THE    MAKING    OP    A    DAISY; 

"WHEAT    OUT    OF    LILIES;" 

And  other  Studies  from  the  Plant  World, 

A  Popular  Introduction  to  Botany. 

Bt    ELEANOR     HUGHES-GIB  B, 

Author  of  How  Plants  Live  tmd  Work, 

"A  BBIGBT  little  introduction  to  the  study  of  Flo  were."— /out'nal  of  Botany. 
'*  The  book  will.afford  real  assistance  to  those,  who  can  derive  pleasure  from  the  study  of 
Nature  in  the  open.    .    .    .    The  literary  style  is  commendable/'— ^nouiZed(7e, 
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"BofB  OOtriD  SOT  HAYB  A  UOBE  ALLmtlNQ  IKTIIOSITOTION  to  Bcientlflc  pnrTOlU 
than  these  charmiiig-looking  volumes." — Letter  to  the  Publishers  from  the  HeacU 
muter  of  one  of  our  great  Public  Schools. 

OPEli-AlU  STUDIES  I^  BOTflflY: 

SKETCHES    OP    BRITISH    WILD    FLOWEES 
IN  THEIR  HOMES. 

BT 

R.   LLOYD   PRAEGER,  B.A.,  M.R.LA. 

Illustrated  by  Drawings  fi'om  Nature  by  S.  Rosamond  Fraegrer, 
and  Photographs  by  R.  Welch. 

Handsome  Cloth,  7s.  6d.  Gilt,  for  Presentation,  8a.  6d. 
Genbbal  Contents. — A  Daisy-Starred  Pasture — Under  the  Hawthorns 
— By  the  Kiver — Along  the  Shingle — A  Fragrant  Hedgerow — A  Connemara- 
Bog — Where  the  Samphire  grows — A  Flowery  Meadow — Among  the  Com 
(a  Study  in  Weeds) — In  the  Home  of  the  Alpines — A  City  Rubbish-Heap — 
Qlossary. 

"  A  FBI8H  AND  BTIHCLATIIIO  book  ,  .  .  should  take  a  high  place  .  .  .  Ili» 
niostratioDB  are  drawn  with  much  skill." — The  Times. 

"  Beautivclly  illusikated,  .  .  .  One  of  the  most  accurate  as  well  •» 
ZNTEBBSTINO  books  of  the  kind  we  have  seen." — Athenoeum, 

*'£edolent  with  the  scent  of  woodland  and  meadow." — The  Standard. 

"A.  Series  of  gliunLAIINa  and  DSLIGHIEUL  Chapters  on  I'ield-Botany."— I^ 
SeoUman. 

"  A  work  as  fbesh  la  many  ways  as  the  flowers  themselves  of  which  it  treats.  Th» 
BIOE  BTORB  of  information  which  the  book  contains    .    .    ." — The  Oarden. 


OPEll-AIH  STUDIES  Ifl  GEOLOGY: 

An  Introduction  to  Geology  Out-of-doors. 

BY 

GEEKYILLE    A.   J.    COLE,   F.G.S..   M.E.I.A., 

FrofeBBor  of  Geology  in  the  Koyal  College  of  Science  for  Ireland, 
and  Examiner  in  the  University  of  London. 

With  12  Full-Page  llluBtrationa  from  Photographs.      Cloth,     Ba.  Sd, 

General  Contents, — The  Materials  of  the  Earth — A  Mountain  Hollow 
^Down  the  Valley — Along  the  Shore — Across  the  Plains — Dead  Yolcanoec* 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  Hills— Th» 
Folds  of  the  Mountains. 

"The  FASciNi.TZHO  *OpBif-Ai»  Btudibb*  of  Peof.  Oolk  give  the  subjeot  a  olow  of 
ASXK^TION    .    .    .    cannot  fail  to  aronBe  keen  interest  in  geology."— Oeofoj^tcaJ  Mtigazine. 

"XxntBHTLT  BBADABLB  .  .  .  every  email  detail  in  a  scene  touched  v^ith  a  aym- 
pathatlc  kindty  pen  that  reminds  one  of  the  lingering  brush  of  a  Constable."— J^atwA 

"The  work  of  Prof.  Oole  combines  blbgahcb  of  sttlb  with  bgiektifio  XHOBonQBanM."— 
Al«rfnann'«  Miittuilvngen. 

"  The  book  is  worthy  of  its  title;  from  cover  to  cover  it  ia  btbono  with  bracing  freBfanew 
of  (he  monntain  and  the  field,  while  its  agodbact  ajid  tborodghkxss  show  that  it  \a  tti» 
work  of  an  earnest  and  conscientions  student.  .  .  .  Full  of  piotoreeque  tonehM  wfaicA 
an  most  welcome." — Natural  Science. 

'•  A  OHABXZXQ  BOOK,  beautifully  illuBtrated."— A<A«n<B«m. 

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED  EXETER  STREET.  STRANtt 


A  BOOK  NO  FAMILY  SHOULD  BE  WITHOUT. 

Thirtt-Sixth  Edition.     Royal  8«o,  Handsome  Cloth,  10».  6d. 

A    DICTIONAEY    0.F 

Doiestic  ledioine  and  HouselioM  Surgery, 

BY 

SPENCER  THOMSON,  M.D.,  L..R.C.S.  (Edln.), 

AND 

jr.  CHARLES   STEELE,  M.D.,  Late  of  Guy's  HospitaL 

Thoeoughlt  Eetised  and  brought  down  to  the  Present 
State  of  Medical  Science 

BY 

ALBERT   W^ESTLAND,  M.A.,  M.D., 

AUTHOR  OP  "rHE  WIFE  AKD  MOTHEE": 
AND 

GEO.  REID,  M.D.,  D.P.H., 

MEDICAL  OFPICEK  TO  TJIE  STAFPOBDSHIEE  COUKTY  COONriL. 

"With  a  Section  on  the  Maintenance  of  Health  and  the  Kanagement  of  Disease  in 

Warm  Cliinates  by  JAS.  CANTLIE,  M.A.,  M.B.,  F.E.C.S.,  Lecturer  on 

Applied  Anatomy,  Charing  Cross  Hospital ;  Surgeon,  West-end 

Hospital  for    Nervous    Diseases ;    formerly    Surgeon, 

Charing  Cross  Hospital ;  Dean  of  the  College 

of  Medicine,  Hong  Kong,  &c.,  &o. ; 

AHS  AS 

Appendix  on  the  Management  of  the  Sick-room,  and  many  Hints  for  the 
Diet  and  Comfort  of  InvsJids. 


In  its  new  Form,  Da.  Spencer  Thomson's  "  Dictionary  ov  Domestic  MEDionra" 
fully  sustains  its  reputatiou  as  the  "Representative  Book  of  the  Uedlcal  Enowledc* 
and  Practice  of  the  Day  "  applied  to  Domestic  Kequirements. 

The  most  recent  Impkovements  in  the  Treatment  of  the  Sick — in  Appliances 
for  the  Relie]?  or  Fain — and  in  all  matters  connected  with  Sanitation,  Hygiene,  and 
"the  Maintenance  of  the  General  Health — will  be  found  in  the  Present  Issue  in  clear 
and  full  detail ;  the  experience  of  the  Kditors  in  the  Spheres  of  Private  Practice,  of 
Hospital  Treatment,  of  Sanitary  Supervision,  and  of  Life  in  the  Tropics  respectively, 
combining  to  render  the  Dictionary  perhaps  the  most  thoroughtly  practical  work  of  the 
kind  in  the  English  Language.  Many  new  Engravings  have  been  included — improved 
Diagrams  of  different  parts  of  the  Human  Body,  and  Illustrations  of  the  newest  Medical, 
Surgical,  and  Sanitary  Apparatus. 

*^*  All  Directions  given  in  such  a  form  as  to  be  readily  atid  safely  followed. 


FROM  THE  AUTHOR'S  PREFATORY  ADDRESS. 

"■Without  entering  upon  that  difficult  ground  which  correct  professional  knowledge  and  educated 
■Sudgment  can  alone  permit  to  be  safely  trodden,  there  is  a  wide  and  extensive  field  for  exertion,  and  for 
usefulness,  open  to  the  unprofessional,  in  the  kindly  offices  of  a  true  DOMESTIC  MEDICINE,  the  timely 
help  and  solace  of  a  simple  HOUSEHOLD  SUBGERY,  or,  better  still,  in  the  watcliful  care  more  gener- 
ally known  aa  '  SANITAEY  PRECAUTION,'  which  tends  rather  to  preserve  health  than  to  cure  disease. 
'The  touch  of  a  gentle  hand'  will  not  be  less  gentle  because  guided  by  knowledge,  nor  will  ttie  safe 
domestic  remedies  be  less  anxiously  or  carefully  administered.  Life  may  be  saved,  suffering  may  always 
be  alleviated.  Even  to  the  resident  in  the  midst  of  civilisation,  the  '  KNOWLEDGE  IS  POWER,"  to  do. 
eood^  to  the  settler  and  emigrant  it  is  INVALUABLE." 


"  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful  professional 
knowledge." — Dublin  Jowrnal  of  Medical  Science. 

*'  The  amount  of  useful  knowledge  conveyed  in  this  "Work  is  surprising."— Jfedica?  Timet  and  Gazette^ 
"  Worth  its  weight  in  gold  to  families  and  the  olbrgy."— Oi^ord  JETeroid. 
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